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MvHESIH-OUGOSACCBHaDE CONJUGATE 

ST» mmm^ 



^tion is a continuation-in-part 
This *PP 11Catl °" n " icati on serial No. 07/ 
application of U.S. patent appl^ ^ ^ contlnu ation-in- 

903,079, filed ™» »' ' ial 07/810,966, 

^- elates generally to vaccines 
Tni s invention relates g ^ . t relates 

against Ha^2Eili^^ synthetic oligosaccharide 

to a connate vaccine^ ^^^^ capsule 
corresponding to ^ ^ ^ 

of aan»^ We b h ^ bg used 

^jes^ae adhesin protein. g^nfluenzae infec- 

rrr, =: rs^r- - - - 



mammals . 



,„,. are divided into two groups, 
tt - JS£1MMM ess a polysaccharide capsule and 
th ose strains that -^^^ strains are typed hy a 
those that do not. The e P a „ tlsera . 
serological reaction °* * ^ The non . encaP sulated 
Typ es a-f have heen a „ y o£ the reference 

strains, which fail to re 
antisera, are Known as non-typeahle . 
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tvn k f " e " Significant h *alth Problem worldwide Th£ 
type b strain (Hib) is ^ most virulent H i drains 

sr^* 1 :: — e Piglottitis , and other H \ :: ins - 

threatening infections in children five years old and 

a y :::n; *- Bortauty tate *™ <*- > 

about 5%, even with the best modern antibiotic tr«^ * 
and neurological seguelae are observed in TlZTlT^ 

tTl IZZZ T fact ' bacterial Mnin * itis «— * 

ype D scrams has been identified a<: i j. 

acguired mental retardation ,t ^ ° f 
World H ealth 0rganizatlon ^ ^ ^ - State, 

effective vaccine against Hib a priority. 

Non-typeable Hi also cause various diseases 
including pneumonia, bacteremia, meningitis possum 
sepsis, bronchitis, sinusitis, conjunctivitis IT^- 
-dia. The non-typeable Hi cause about of all 

otitis media in children and young adults 11" 
for chronic or repeated occurrence's of otitis III 
generally involves antibiotic administration. Children 
experience multiple infections because infection do T" 
confer a lasting immunity. infection does not 

A great deal of time, money, an d effort h»= k 
spent trying to fi„ d a truly effect! v. J " 
^1^. The overwhelm „ y g f 0 " s tl h V a e s Va : 01ne t0 ^ 
a vaccine for Hib because of it !T °" deVel °» in * 

young children. Onfortunately th" " *° 

xwi.Lundteiy, the approved t-vno k 

^saccharide vaccines-are not effect^ for lldren 
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under 18 months of age, which is the group most threatened 
by Hib. 

It has been known for many years- that antibodies 
directed against the 'type b capsule will protect 
individuals against invasive Hib infection, including 
meningitis. In a randomized, double-blind clinical trial 
in Finland, a type b polysaccharide vaccine was found to be 
90% effective in presenting disease in children immunized 
between 24 and 72 months of age. However, the vaccine 
conferred no protective immunity in children younger than 
18 months and provided only limited immunity in children 
aged 18-23 months. Peltola, et al., N. Engl. J . Med. , 
310:1561-1566 (1984). The type b polysaccharide elicits a 
T-cell-independent immune response, which probably accounts 
for the low immunogenicity in young children. 

Based on these data, three type b polysaccharide 
vaccines were licensed in the United States in 1985 and 
were recommended for use in children aged 24-60 months. 
These vaccines obviously have a major problem. They do not 
adequately protect children under 24 months of age, the 
group most succeptible to H. influenzae disease. 

There are other problems relating to the fact that 
the polysaccharide is obtained from natural sources. 
Although purified, the polysaccharide fragments are of 
various lengths and, therefore, not as well characterized 
as desirable. This creates problems with respect to 
reproducibility and variable potency. Also, since 
naturally occurring polysaccharide must be isolated from a 
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pathogen, saf ety ^concerns - must- *e addressed - with* aspect to 
both manufacture and <usev;oifkJthe vaccine ^ u, - - o.v.:jL£. : 

' - 1 ~ - 1 ^ - ~. -3 c 1 7- ^ 2 * .. .0 o c n a L ; ; c .;: ) . * : ;.; ^ c c iL^i* ci "L i-ii ■ y. :■ ,3- n r 

Attempts: teawe~3jeen anadet £tos make the polysaccharide 
into a better immunogen. The polysaccharide or fragments 
thereof have been cbvaieiy&ty coupledviwith- various^ im^ 
munogenic proteins^ 'such casr diphtheria. .orvtetsmus toxoids. 
See, for example," Ur'S . 'Paterrt No. 4, 673:, 57 4 issued: June .16 - f 
1987 to Anderson issued Febru- 
ary 28, 1989^o Anderson, efcial.., European .Patent Of fia$ 
Publication No. P 245 045 dated November 11, 1987, and 
European Patent Office Publication No. 0 098 581 dated 
January 18, 1984; all of which are incorporated herein by 
reference. - -...^ ^^y qv -^he _ [y£JJFd'(TX'Oi? 

Several of the conjugate vaccines < haver bfeen shown 
to be t safe anymore immunogenic jthan. r the. . convent iona 1 , 
polysaccharide vaccines dni'Ghildren, particularly infants. 
The data suggest that the conjugate vaccines are 
functioning as T^cell dependent a antigens*. r-A, Trrcell^ . * 
dependent response ^providesi^f or a^betteri overalls: imnaihe 
response in a patient. One of the conjugate vaccines has 
been approved^ in the United States v f or rchdldren 15-18- r; 
months of age . = * Two- of r the -con j ugate vaccines ; have r been 
licensed in the United States for infants as young as two 
months old. 

' 1 r The vaccines? currently: available to the medical 
practitioner have several major limitations. First, they 
do not protect against other Hi infections besides Hib. 
The polysaccharide is not found in non-typable 



1 

1 
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influenzae ; there f ore , ant^bodies„ x tp ^are -non-prot ect i ve 
agajjjst the^e ^J^^r\^^^BCj^n<X:^ iJ&SJfe raise, Repbi-eia&iwith 

; There^rai^; several ave^uesuoik<anrgoing -xesearchrtori 
way^ oto c w been 
to ^develop procedures for Hib polysaccharide synthesis. 
The Hib capsule consists of a linear homopolymer of 
alternating -.mol^ec&^ joined, by^ an<_. 

phosphodiesteij^linHagej rspres^n*^ ^yr thfe f pllowinctaci ^ 



formula:^ 



'.Mi » . * 



» ■ • -ii uj id a J- x r ? r. t • \j ci Z x Tlcj 
0 OH O^J' 

0 



The polymer is known as polyribosylribitol phosphate and 
abbreviated PRP,. . 0 o &no au\ :sn :t*ao::- ;r v.-n^ iii /^.iicxorv 

, The PRP pbtai^edjfrom naturalcsourcesois crude: b: 
degraded polys£C^-aride.& It. r varies uinninolecular : weightrta 
between^O,© Kp ; and a 200 Opp KD 
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A few groups have been able to synthesize small PRP 
oligosaccharides.'^ *dr exafi£ii, a ^rc$eSCTi€^^f*f6b 
Publication - ^ 350 ^32^atea s jM^iif rJ l§8§, G iffi^br^d 3 D * d 
herein by ^ref erfeftc*, - L ai£8i-bsis^fiS^ 

PRP •oIi§o§aefciia^Saefe f -6r 2-2& u ffilJ€s T:i §fiaf 11 tih^£!r ^o^Tral? tov 
attachaeftt to*<iimfto$eM8 r >i^ 

diptheria- toxins J bi: tbkbiaSf ' fffi t bTi^b^acc^H^e^^e 
linked to :; the c proteirts c thrSugfi &'-sp^4r^ s lt^hi^p)^tB 
triester synthetic J proc^ .:.vO?v- v 

oligomerization?- 1 Eiiropea^ f -< n *< 

0 276 516 dated August 3/iW8p iiicorp^ by 
reference; also -disposes * 2 - 
20 monomers in length/ tfieit "cbxijuga^ 

proteins, and the use of the conjugates as vaccines against 
Hib. The oIigosacch^ide^ v 'arc D 
phosphotriester J synthetic procedure for oligomerization. 
Both of these involved solution-type synthetic techniques 
for the preparation of the PRP oligosaccharides. 

Elie, et al-. Reel. Trav. Chim. Pavs-Bas . 10B!21Q- 
223 (1989) , -incorporated herein by reference, discloses the 
solid-phase synthesis of a PRP hexamer. . . The units were 
coupled using a phosphite triester method : and controlled- 
pore glass as th<r~solid' supjporT:^ — — ^ 

The use of synthetic PRP fragments should provide 
several advantages over the PRP obtained from natural 
sources. Synthetic PRP is chemically well-defined and 
characterized. It would be of superior quality and less 
prone to produce side ef fects* M himans;: CH Tt6 ttse would 
also obviate^-p1^rMV^re^i : h^ ttf rfe^r^dummrl^yT potency 
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and safety associated with-PRP obtained -from neural r ^ ey;^ 
sources v.r ^Inradd±tiian^ :While tlieL naturally occurring PRP is 
generally cross-linked to the protein carrier at random 
points along its Jjsfeain.^ 

through ^a singterpoiot^ * which rcrjeafcesnl^s^ 

epitopes. ■ -^.ft-r^i^. tne vaonirve • ai»o cfin*:ainf' arr 

This research p^ 
vaccines/ ^ijuto«i^rereareo-.still drawbacks. First; the PRP 
synthesis is complicated and relatively inefficient. Thus, 
there is a need for improved xs^tthesis- procedures... Second, 
these improvements: k will -be -llmatedr* to ^vaccihesL against Hib . 

- Another ^apprbach rhas i been: to .focus^.oniLthe rprotein. 
There are some /available data ^suggesting -that- ithe rprotein 
and the -carbohydrate parts *>f ^the ccmj ugat er-vaccines-act as 
independent iramunogens . i Therefore,! rthe choiGerrofr the 
protein- component ^becomes ^important ^in seeking to.-enhance 
immunogenicity.K It ■■ wouldabemore desirable have -an r;^ : 
immunogeni cv proteins or i-polypept ide , der i^ed ff rom |L. 
influenzae as the protein component rather than a 
"nonsense" protein. * ' ■ ^: s r: ? vv.';- y:^;; -:-..:. . -r 

- At 1 least- one ! rgrduprhas con j ugated> an -Ifcfcb router 
membrane* proteinatoePRP fragments. See European ^Patent - . 
Office ^ Publication- No. ^0 3 3& 2 65,: dated ^October ;25, 198 ft, 
incorporated herein by reference. This application 
discloses 38 and 40:KD-outerrmeinbraaaerproteiais of Hibiandr 
their isolation. and~purif ication. .n-The atwo proteins i are/. 
quite similar^: They are knownras proteiti 2 i(P20 -or -protein 
b/c because^they oecuraas:a: doublet. .^rThe^iaoleaular weight 
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depends ''%poh"€hS^g1ir&lii^fr&iD which 1 thfey are- obtained. ~^ fthey 
are cross^rSaetf^S , ^fiive^ve^pSliill^ fciftrftp aBid- v iG ^ 
coiSpS&i*tions>-^ 3&rb£*^ ^eiAinal 

sequences; -^iThe proteins J are 6b1Qpa!6a c to r, : f*agmefcts fcy nT 
reductive amiSStSofig^^The P^f£a^§h*s^ f£S& 
natilrSl'iy - 66cuf f iil^^PRP^§in * *he 

application states that .the carrier proteins themselves may 
confer immunity. ~ 

... . '.c^^r^ajunaTi^ , . unz ^ai^sirt . ororeiii*s ana 

..t: TKls Wp^irdach also suff^ 
tions. The outieirMiei^ 
types -d* sSrdt^esHtf^ 

al., iri"-'S;H. Se3?P^aiSa^p 4 T^ Wrlftht< 1 ( edl »9 r Haemophilus 
Influenzae;- Ep£a^i<!>loav9^ fimutiolodr^V afta^Pjrevefttion , (New 
York: - Elsevier -Biomedical (1982)). Therefore, a vaccine 
based upon a particular outer membrane protein 'may not be 
effective against the-brS6aid«r 1 spi§dti^ -Sf pathbqgHiB c ;g. rn:5:T: 
influenzae bacttfi* ^nd ^My'iriSt : ^vefi c b^ n fef t eetiv6 f : a$S£ fi6lE ea 
all strains of^i~&?^ *j.rorc^.n reoeororr or- ant.ibodj.es; r.o- the 
*: \: :..;r^vc:ral^Lv xr;r:nria:.crt^ j. b a cicelies , arc. ;^c:= co 

Others have "f ociise* : on Hi proteins iahd^pep't Utiles 1 - 
alone -as vaccine 'Candidates'. ^ HPc& i ^&&ple ; r see a PCT - ^biica- 
tion No. WO 90/02557 /- ptHjill^ieW^ar"cK 7 '22 pfSSfiT*^ 4 v 
incorporated: hereto* by: ref ererfce-; ^his ^appl ? i6ati6w t: - ! ric * 
discloses two ^ntigfenically related Hl ;! %t^-in^aiiS Ie ^ ° f 
proteins with^aP Wdlecular : weigh€ ^6f -abcnSt :a lg > n KD f iviiX ffc^ r ' 
further discloses related fusion proteins -and : ''$bj^i&&*tt'aig- 
ments of^the 'outer of purifying 

the proteins, and methods of making th m by genetic 
engineering. All ]of these are ^cltalmed -^td %e -usSfu* as 
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immunogens in vacdines.- Such vaccines -will aiso ^Juiye -the 
drawbacks mentioned iim .r.n&' h-e^d^rr 

Clearly, there is a pressing need for a safe vac- 
cine that is effectiy<e against &o^7-invasi^ 
invasive - lin^uenzae^ ^ipar^iculagly r i^i * infants >ar6 .months 
old. This ideal vaccine would also be effective against a 
wide variety of strains within each of the two categories 
by eliciting antibodies against a determinant found on the 
surface of most or* Lai 1 strains of H. influenzae 

The present^iriventiori overcomes the limitations of 
the existing 'technology and_mejets { ^hat_^ed. -^It provides 
novel synthetic PRP conjugated to newly isolated and 
purified H. influenzae adhesin proteins. 

The ability to use an adhesin protein in a vaccine 
against H . influenzae - is-rextremelYt desirably , l^aus^ofr 
the way they- f unction/ v adhesin proteij^-f^rerb^iev^ to be 
highly conserved among strains of a particular type of 
bacteria . This is :because^Tthey r ?^e- the^ pr0£eia r ;^ 
that mediate attachment. by t bonding,^ 

the initial step in* the^i^fection ppocasft»\; r rTh^^. ? *hfy. rn - 
adhesins would be expected to be present in all strains 
(both encapsulated^ and unencapsulated) of Haemophilus- . 
Therefore, the present vaccine would be effective against 
broad array of types and strains of Hi. In addition, 
vaccines based upon adhesin proteins should be more ef- 
fective than those based upon other outer membrane 
proteins, even for those bacterial strains from which the 
outer membrane proteins are derived. Antibodies to the 
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adhesin protein wpuld prevent adherence of the bacteria to 
the tissue of the host animal. Adherence is the initial 
step in Hi infection. Stopping the infection at this point 
would be the best approach possible. 

The novei PRP of the invention also has advantages 
over the existing technology; It is better defined and 
characterized, and it is of superior quality when compared 
to PRP obtained from natural sources. Also, it has been 
more efficiently produced than the synthetic' PRP described 
■ above . ' ' :< Y ~ ■ ' . ■ . ' ' ' ' % 

SUMMARY OF THE INVENTION 

It is an object of the, invention to provide ah im- 
munogenic olicrosaccharide- H . influenzae adhesin protein 
conjugate and a method for making it. 

Another object of the invention is to provide a 
vaccine for protecting a mammal against H/ influenzae . 

Yet another object of the invention is to provide a 
method of inducing an immune response to H. influenzae in a 
mammal • 

A further object of the invention to provide 
purified H. influenzae adhesin proteins. 



1 
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A still further object of the invention is to 
provide a purified polypeptide capable of -eliciting an 
antigenic response to h. i P fluenz J ae I *?. animal host- 

. . ■■ -;;rn:.DJ:e^ t.-.-i 4 : soxia ohaae- ana- .caen ..aeizriT-Vi^ceci 
Yet another object of the invention is to provide 

methods for producing purified H. influenzae adhesin 

proteins . 



A further object of the invention is to provide DNA 
coding for the adhesin proteins _and derived polypeptides., 
vectors containing the DNA, microorganisms transformed by 
such DNA and vectors, and methods for preparing such 
materials. ^ ; * t .. 

A still further object of the invention is to ^ 
proVide a composition of matter consisting essentially of 
synthetic PRP oligosaccharides having the same number of 
monomeric units and a method of preparing the synthetic 

prp. ^ .^ r ; . 

" ■ J :, ! iC.;o..!.'.v.U'au?! ^-ceD-;; are re;;^a-i;^i : > ^ 

Another object of the invention is to provide 

compounds useful as intermediateis in the preparation of 

synthetic PRP and methods of preparing such . comjpounds .^^^^ ^ 

Additional objects and advantages of the invention 
will be set forth in part in the description that follows, 
and in part will be obvious from the description, or may be 
learned by the practice of the invention. The objects and 
advantages of the invention will be attained by means, of 
the instrumentalities and combinations particularly pointed 
out in the appended claims. 
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To achieve the objects and in accordance with the 
purpose of the invention, as embodied and broadly described 
herein, the present invention provides, an immunogenic 
oligosaccharide-protein-con jugate useful in a vaccine for 
protecting a mammal against H. influenzae > The conjugate 
is made up of a PRP fragment, "preferably a* synthetic 
oligosaccharide, coupled to an H . influenzae adhesin 
protein. Preferably, the oligosaccharides contain from 2- 
30 ribosylribitbl phosphate monomers, and from 1-30 of such 
oligosaccharides are attached to the protein. In an 
alternative embodiment /"the oligosaccharide oks bound to a 
polypeptide -thatr is an ^active ^sitenof rr-tdie ixadhesin* protein ; 

cr-c.*)*:.. ::-:.rroA^ .usncfcti • ana K " mu.r; 

Pre f er ably - 1 he tCOi*j uga fc e^^is ^represented rJayi^eia cie 
following, formulft^ru- ;.:ouriU oj iawiua?- xr* »".r..«:r c^ai -cu *::c 




where m .is l^Q, st p-<i$j |2-3Q, L ; R-;isr : (G&2 r )p<^ rajL£Dr 
(CH2CH 2 0)pCH[2CH2iracSNH .wher^p is an integer from 1-3, and 
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X is an^ H, influenzae adhesin protein or a, fragment thereof 
containing an actiyer sitoe ©£-r tke^roftein* rrz -;_y^ : .:r ^v^;o, ; 

The vacciiieacoiaprises ^an; immunologically ^ef £ ecfeive 
amount of ttLe;-conjugatesan^a phaiaflacjeuticallsrracceptable: 
carriear.en Preferably, the vaccine also contains an 
adjuvant. The administration of the vaccine or conjugate 
to a human or other, mammal induces a T-cell dependent- 
protective . immun<^/re^ 

The invention furtherAjcomprises^an'd^lated^ ^and a 
purified Hw-dnfltienzae ^^ adhesin -^protein aiui ;modif ied^s^s . 
proteins and. polypeptides, deriyed.ef rom *he adhesin protein, 
provided' suchc derived -protedais^arid ipo&ypepti^esL r ^e ? ^nzcie 
immunologically.crbss-reactive with the "adhesin protein 
Preferably, suchr> derivatives:* are one> ior, more epitopes of 
the adhesin^protein. - In. ao particularly ^pref erred, u -ecs t ;:cr:: 
embodiment* - theeepitopewisi. arlso. a receptorrJaindingrsite, 
The proteins and polypeptides:. ;may a&so^beiaised rin : vaccines 
without being conjugatedctoi^iheiesynthetdc ;PRP.h ..l * ~ :-^\:w^s\ 

In one embodiment, the adhesin protein is a minor 
H. influenzae outer membrane protein with* a ^mc^ecuia^iuji: 
weight of about 41,000* daltons.;: -c Tn anofcher^pref erred 
embodiment > thee, adhesin^ pTOtein-itis ;aro > H ,-i . Inf luenz ae outer 
membrane - protein with a molecular jweightrof about . 4:7 00c 
daltons. • - -*■.■<- 'i^c ''.rr.^- cr- oj/v.; ^ - ■^.•wi' -- ! .. 

In one , embodiment ^ .^the^acihes in proteinijis^purtif ied 
from H . inf luenzae /.:bacteria^ Hi membranes- areasolubirlizad . 
The solubilizednmaterialv ^contains ^the adhesin proteins ir/cc 
This material is separated f rone. the /.insoluble material and 
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contacted with receptors for the adhesin protein for period 
of time sufficients^ th&prt>t<efl% '^lWeti4esa^^feiha la €8 a Bfiie 
receptors r Th^*Sc^tors-^ - 
solid sup^r*4.ne Aea^*^ 
the solubilized «atfcrlal<l^^ 

removedafrom^th^ ^ceptfclrso:the*eby Tifelri^ff^o^iiired in'V 
pur i f i ed ; ' fonn^t^t-o r cmx » r; r o x o l i ^. lid xc a \; vf. a en-!?. ^ u. :'*■ xx xc .1 

In another *eabodimfent>- the adheisiri c ^S€eiris : a^S vc " 
related polypept&des^of^th^ 

recombinant proteins and polypept ides 3 that ; have - been 
produced throuijK^ geftet^ x -?hky are 

produced by aft appropriate -hoit clll^that ha£ ^eeii" 1 :aj 
transformed by-DNA-that coQes^ fdi:-s^'eK 1l prdftei^ f "6r " s 

polypeptides V ( - .n:c/ iitaiox.ci.cu.- . ..ivw^/v^r ■ ji.!l;;i?res ■ cesred 

Art ; isolated 

codes for the adhesin proteins of the invention is obtained 

as follows. Adhesin protein receptors or antibodies to the 

adhesin, preferably <^ aW used to 

screen a genomiG^libraj?^ containiinai ^H .^ii«f Auei&tfep ^£)NA . J; The 

library is made^tf£Tcl/ones which -cdhtain dif-f£^ 

of the DNA^which < haVe been operably • *arid ' ' ^ reeotferSbiy 3VTC 1 

inserted dirto j a vector ; ' with each ( *ef ■ the ^fetbr* ' iontalhing 

only one sequence [ of the DNAi ? Th6^mdnck$16^ 

receptors *'lden^fy'^lM^l^es'^1^&i!t produce the adftSa^"? ur3:e * r 

The clone " is > then- i^ exog^rioife 'fiflftF - r 

sequences are* ^recovered -f rbm the ^lorie^-^ 10 *-' 1 ^sivl ess r -^e 

The ihventitin further cc^fisesJ '-isolated' o^ 0 ' c ~ Ul rc 
substantially- purified ' DNA derived- ■* f t dm thi^ D^; u --f or — 1 e ~ 
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example; by : single c or itittf^t 1 ^ 
DNA hybritfli^ 

libraiT c unddtf%<^^ CI ch 

: Th £ irfveri^ion ' l ftir€her %oS^£i§fel M a iyfttfietiS n PR^ lv ° 
oligosaccharides ^reSe^^^ : 




where n is an integer frbxn 2' ta 

(CH 2 CH 2 0) p)CH 2 CH : 2 ; NHi- whef ie p is ^Sn integer f rofi r i €6 Z: 3 . i n " 

■ rv^.-r:^*i^i' -iron t coa.^.,, \>r- ; c: :roir *x ; - » 

In sti*F affbther €^d<Sffi^C 3 the "iftvetf^ 
a compound : usef ui rt i¥ air -ito of 
synthetic PRP of taie^xh^ntlSnV" l Tt is^^repf g£&nt£& :, f# n tii§ 



formula:' 
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where n is an integer ^roro 2 to 30, iV Bn i^.ben^yl, and R 2 is 
(CH 2 )pCH(OR 3 )2 or '(CH2CH20)p^ an integer 

from 1 to 3, R 3 is an alkyl group 1-4 carbons in length., 
and R 4 is a group that can be converted into ar> amino 
group. _ 

This compound is prepared using a solid phase 
synthesis. The monomer for chain initiation is a compound 
represented by the ..following formula:.,.^ ,. 




1 

1 
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where Bn is benzyl and MMTr is monomethbxytrity 1 • This 

monomer is coupled to a 'solid phase and "then detritylated, 

- .v-^a-rs T-r^^:£sn^ "cr:enixcai.ty ccuux&cx. co - =uri:c;?.eiu n. 
The resulting detritylated compound is coupled with a 

mdnbmer"""for chain elongation represented by the formula: 

.... V :,ron-^at ~c Z'-' -^ura,:. ^^^-^^ O: 



l n I — OMMTr 



'■--.-)■.. urtL ^u::«!r-.:.:-.u aarasin praxis- if 5: 4i 
where Bn is benzyl and MMTr is monomethoxytrityl . The 

■ -frM- ■iirc.rc3j.r- wj.cn * ipcvscuxar vje.iqivc or. nuiur 
resulting compound is then detritylated. The chain 

elongation and detritylation steps are repeated a 

sufficient number of times until an oligomer of the desired 

lenoth is obtained* The chain terminating monomer is then 

added."'' The chain terminating monomer is represented by the 

formula: 
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= i j.VL:Vjspxi.i.jtiQo-i.ip.;i..a*- .svj. caoi^..:Lm:eJiai.ai3 -£0 .t xxixx l. 
BnO— » -° 



O =sP— O' °* n 

where Bn is benzyl and R 2 is (CH 2 ) p CH(OR 3 ) 2 or 
(CH 2 CH 2 0) p CH 2 CH 2 R 4 where p is an integer from 1 to 3,. R 3 is 
an alkyl group 1-4 ^carbons i? y 4f P-^^ ■ group 

that can be converted into an amino group.. The.phosphonate 
groups of the, support-bound oligq^e^^are thgn ox^jzed to 
form phosphate groups. The resulting compound is then 
removed from the solid support and recovered. 

The protective groups on this intermediate are then 
removed by hydrogenation. Where R 2 is (CH 2 CH20)pCH2CH 2 R 4 , 
this results in the synthetic PRP of the invention. In the 
case where R 2 is (CH 2 ) p CH(OR 3 ) 2 , the hydrogenated compound 
is further subjected -to . sel4Bctive .acid^hydrolysis. 

The preferred conjugate of the invention is then 
prepared by coupling the synthetic PRP with the Hi adhesin 
protein by reductive amination^whe^e R 1 is^Jc:H 2 ^p^^ . 
where R 1 is (CH 2 CT 2 0) p CT 2 CH^ 
responding isothiocynate and t:^^^ 

isothiocynate with the protein. ( ,^.. r , ? .v. ilK ,c. s <v: 
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TO are incorporated 

into arid constitute a part of this specification, 
illustrate one embodi^ and^ together 

With r tlfe r to explain the principles of 

the invention. 



BklEF DESCRIPTION OF THE DRAWINGS 

• - Figure^ i >hows an analysis of outer membrane 
preparations by "SDS^polyiacryle&nide ge!-. electrophoresis. 
Samples included the following -(Sanest : 1 1 r "total outer 
membrane protein preparation from Haemophilus influenzae 
type b stained with Coomassie blue; 2 , autoradiography of 
35 S-labeled total outer membrane proteins; 3, 
autoradiography of 35 S-labeled adhesin protein eluted from 
immobilized receptor ci£iMloM3Mi; r '4, Autoradiography *of ^ 
material eltitecT'f irom immobiPized' gl^bosi'de^-^ norfsense 
glycol ipid. iSrrbv/ "indicates- the adKesi^' m between 
PI and P2 : with v tf mo ; 

Figure 2 shows the neutralization of Haemophilus 
adhesin to the % 'grycolipid^^^ 3 r. .. 

[ 3 5 S ] methionine-tabeled membranes f romi Haemophilus- - - 
influenza type b Wfe'fe incubated with seriial dilutions 1 df . 
mouse sera r ahd " then allowed to bind to receptor' (0.5 
microgiraitt/wfeir)". * ; 'The mouse sera ''-'-used wafs : obtained r frbm 5 
mice , ; des ignatfed M-0 through M5 , which -had been immunised- 
with Haemophilus membranes. The sera from an unchallenged 
mouse (NMS) was used as a negative control. 
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Figure 3 ishows iriK&it^ 
binding to asiaf o^^^ ^tl? 'siTkciVd^ SbiroMbh^l^ kittibodies . 
[35 S ] me thi6nine-Xabeled memb^^^ Were " 

incubated with supe^atants b% h^tldbmar 'i^it^res-* and *then 
allowed to C bind x ^o rebejit^ 

negative reci^tdr a ccmtror ■ oT *Gt>4 Urfdicates ~'lffip^p-eii$i£fe±ty 
of the receptor-^igand interaction. Mouse sera- (M-2)-~- 
(1:500 dilution) used in Figure 2 shows strong , positive 
inhibition. Media shows ho inhibition of binding by 
membranes to as^lo-GM^. Two classes of positively - 
inhibiting hybridoraas were found. : Hib 10 shows total : 
inhibition of binding. Hib 30 and Hib 43 show partial . 
(about 35%) inhibition. Most hybridoma cultures, such as 
Hib 2, showed no inhibition. All hybridoma cultures tested 
for binding reacted positively with membranes in an ELISA. 
Error bars are included to demonstrate the variability 
between duplicate wells. 

Figure 4 shows the ^identification and 
characterization of the 47 kDa Haemophilus adhesdn. The • 
monclonal antibody Which partiiil'y ■ , iMibf€ed i ■^ieltora^i6^ , ' :^r •■ 
binding,' Hib 43; was reacted^dn''W6ste]M f i)lo€ to "Identify 
the molecular weight of the protein it recognizes. Whole 
cells were run after no proteinase K treatment or either 
treatment with proteinase K prior to lysis in sample buffer 
or treatment with proteinase K after lysis in sample buffer 
(reading from left to right) . Non-treatment identifies the 
47 kDa protein; treatment of whole cells by proteinase K 
prior to lysis indicates the sensitivity of the protein to 
this protease in its native location; and treatment after 
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lysis by proteinase K demonstrates the general sensitivity 
to this protease after disruption from that native 
location. The Escherichia coli XL-1, transformed with 
pMClOl, expresses the 47-.JcDa Haemophilus protein, which 
reacts with Hib 43. The 47~kDa protein was v also sensitive 
to proteinase K treatment: of r X^-l/pMCl6l^^ble cells. 
These data , suggest a ( s.urf^c%.lps.a^ipD„Jor ^his protein in 
both hosts. ' 

Figure 5 shows a restriction map of -the region in ' 
Haemophilus influenza type b that encodes the 47 kDa 
adhesin. A 10.5 kbp Eco Rl fragment that produces the 47 
kDa protein; whichn reacts with Hib 43. monclonat 1 antibody was 
cloned f roifii an H^^mo^hrlus 1 - lambda ZAPII egenebank r ^ The ^ - 
helper phage_xR408a was uised^tor induce-a plasmi^d^^nt^rirting^ 
this insert- in* the/ vector pSKt*) .^rc*:exr> -rc r-> ; ; , ; .v m is 

< Figures «j_ shows theu glycol ipid binding phenotype;rof 
Escherichia ^ colds thatr express. the Hibc*B:steDa ^protein u urThe 
ability of .membranes f rom the E ^ col i- y uXL^lr , ice- -from XL^l 
transformed with pMClOl./u designated 3 , were compared using 
the standard binding assay. Serial dilutions were made of 
glycolipids_ with receptor activity: asialo-GMi, asialo-GM2, 
sulfatide, or the negative control, Gb 4 . XL-l/pMC101 binds 
with high affinity to these,, receptors ^similar;' to n 
Haemophilus i.au j ? ;r \- r.- - . .- v..--*- a'y.rii.xn. ir ; 

- Figures- 7A and ^VB^show^therinucleotide sequence of 
hin47 . ; (SEQ ID NO: 1) -and? the-- deduced Hin47 amino acid^ * * 
sequence (SEQ^ID' N6*2) . Theinucleotide^sequeince- is; 
numbered above; each? line landnthe -^deduced -^ia^7 amino-'-ae&d^ ' 
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sequence is shown below th^ line-* The .open reading frame 
for the hin47 ^crene Is between ^nucleotide elliSr-ancJrlSO^.-. The 
end cpf c the ^putative aeadeiTeSequenq.eirand beginning j of othes 
putative mature ^polypeptide in.daffat^u=afer^iucleptide base 
189 * Thef;predicte<|cinolecul&r f weight. j$f rth£,,mature :: j..cn 
polypeptide is j£6399 and- ife.\t»S: <3: pi ^^iSiwB^-a j 

„ Figure .4L shows the Haemophilus influenza -type „.B , 
•strain. 979 5cHin4»7: i amino/.acidiseguejice. ^qprnpared ^wi£h nthe 
sequences of 5 non-typable strains as designated. 
Identical aminoo^ids r .;r--a^e indicated: i?y ^. Amino acid> 
differences that .are conservative i with; respectM-to .^charges 
are noted by lower -case letters Amino /-acids that differ 
with respect toxcharge are noted r in Ripper case letters. 

, ... r . r -.. ... . : ' \. ■ - . .. vae o^tv.ij: ^.'i)cau^.^i 

DETAILED DESCRIPTION -OF THE .INVENTION^- .; i v or 

Reference will now be made in detail to the pres- 
ently preferred embodiments of the invention, which, 
together with the following; .examples,, - zsjerve ptO;cexplain the 
principles of ; the invention^ .r. ui: - ^ ~- 

The invention-: comprises.. an. immunogenic s c „ u 
oi igf.gaf7rrhaT-ide> H,>rinfluenzae ./ adhe6in .protein conjugate 
useful as a vaccine against H. influenzae.!,, purified JL- 
influenzae adhesin proteins and related -proteins ^and 
polypeptides, DNA coding for- the proteins and polypeptides, 
host cells containing therDNA and producing the proteins,- 
and polypeptides , synthetic; ERE- joligosacchar ides and 
int rm diates,. useful: for .their: synthesis., ^_and methods of 
making and using these materials. 
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Immunoaeni.'C iiConiiKra^te. .«-ct.aciv&a r:o nn irsoluxij *s 
.juuocrt. :"r rrsactr'wX sacn s microliter weu or - :cr 

■t ■vio.n The conjugate ncompri^esr^ 
phosphate fragment rchemicallyrcoupled tQ jarpurifiedeiL. 
influenzae -vadhesiaiirgrotei^^ 

is a^synthetic. oligosaccharide's > Eromal tQ^about _,AQ,.and . 
preferably from cab.oat.d5. j to 2Qr&t othe inatur^i.atragments. t ^Qr: 
synthetic roligosac^arldescareaattaphed;; to.- 

The f ra^^ts^arer attachedrtb-the protein . by known 
techniques, ^for c.GtJvatently- afctachingi polysaccharides to 
proteins, or polypeptides / oappl ied to ythet teachings 
contained Jieiredmi?^ bThe spref erred techniques t here careaar^nce 
reductive aminationeor j isothiocyaxaate coupling.;- - 

!..-. Any^adhesin proteinnmaycbe used> ; . In -one^ynq 
embodiment^ ;;thecpxirif iedradhesin^piroteinriis a minor Hi 
outer membrane protein with a molecular weight of about 
41,000 daltons:;; distinct, from P&?orc-P2vea ;jc.:.r»c7 tn*: 

In another preferred -embodiment, the^purif iedj.* . 
adhesin protein;ds .arirHinouter -membrane LproteieoWith as 
molecular weighfc-of -about-47. , OOOr.dalltpns^-difitinQt-from PI- 
PS- _ - icC : f.;' , ; ..; j \ : -X. -.:si*'«ci 

Alternatively, ther protein j may i be replaced by^a 
polypeptide that ris an active site of the adhesin protein. 
As used herein, the term "active site" means an epitope 
(antigenic determinant) or an H. inf luengae=r q ptore?-j.n 
binding site>v which c may or . may; not ^alspnbe an^epitope. As 



j 
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used herein, the €erih ^t^t6rf-±s^ 0 U^tcd^ca^ thWt- 
bindTfco an Hi ^es in -protect* P ci *he a 2£^me£u ! ie is 
preferably «i glycosi>hi*ngoii^iSr J w£thx>utP ifft£ntfirig ; tbHi.mit 
the~sfcope bf thi^ifivgntionr'-i^^is'-bellWed thi^ttfe- binding 



Mra^^c o^re^u i:jv reference:.. ■ Mhoi:o.act:xvar.abxe 



usee- 



site is an 



: : i?heh r the ^PRip'frSgin^nt^is' 
sources /" it '"iS^f Wa^i^ ^ehgtfts? 1 b^pre^S^f 1 about B 
to 120 iribnom^rs ; ih v length l^such f tS^Jits" ¥re r ;'bb^aiiied by 
known techniques*, such' as tfibse-'dfefec^ the above- 

referenced European' Pktent Office ^i^ibatioW 1 ^^^ 0 ^ 1S 
0 338 265: 



i:i.-.;>x-- ! .'/.-!.aVii=ii. ^xtensxv^iv with »ri aDr>roprrat:e 

Synthetic PRP is a linear homopolymer of 
alternating molecules of ribose and ribitol joined by a 
phosphodiester linkage "an^re^ 




. .... ^r^'Ut 



where n is 2" to 1 30 £nd ' pirieferably 5-20. Slich s} 
PRP ' s ' inciudV tftci&'e- )ai6)Wrt in^ the : art as ' weir W We 1 itbv 1 
ones of the invention*; Fot KSSfeilf; the ^r^^s*y r " nir 
mentioned Eiiropean "Patent otfifee Pu^iicatfbns r 0 32b lj 942 'and 
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0 276 516 disclps.e sypthetic^ PRP^s. th^t r cpuld be used in 
represented, £jf a ±&e f ormula: r . , ^ .orcre;m ix^xncr^rnnHr-x^ 




where n is . an,,integer from ,2 .-to 30 r: and ; Rf is (CH2).pCHO pr : 
(CH2CH2O) PCH2CH2NH2 where, j) is an integer from \l ; to 3. 
Preferably : n r is ,5-20, : andyp e is, l* ;!l; The synthetic PRP .will. ±>e 
associated with ^a counter ^pn. r Preferably , t . the ion is 
sodium (Na + ) . *.••.■'.' ..r. - ...r.; .:..*■..■•. ■.-:r:^L:. . 

The syntJx^tic , pi 
chemical spacer, or G l^jaker, by which u jbhey^Arf-at^jached to -the 
protein. Suph . a_spap^r c may be f . n any r -ch§ii4cal« linkage Ibhafe^cj 
serves tp connect -the PRP . and c the r protean, ,and that has - 
limited or , no ^adyprse effect -to . the .animal host when? . the : 
conjugate . is administered., ( -^uc^L r .spacer€ A iaay inc^ude a £hp$;e 
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known in the art as well as the novel spacers of the inven- 
tion. Known spacers include those disclosed in the previ- 
ously mentfdhed European Patent Office Publications 

- - ' - t ^ r *- i -Tig, COUj 'apr. V . -5 u i i- tsIiVO v a J. - J >: : - ■ ~ f * 3 J. -C I- V 

0 320 942 "arfif 0 27lS 516 as well as those disclose^, in U.S. 

• - ■ • - . - -, ;v ? c> v ctx 4 a-:i': v- - l net n w. s w ; n ; & •£ cUi *c -u g p ;: r oa.^^ «.■■ • 
Patent 4,830,852 issued "May 16, 1989 to Marburg, et al., 
•= . -m»-« i <= ^li^co'^^^-uv a '-^o .or. cll£. ue .csrpen c ' 

the latter of WHich Ts incorporated herein by reference. 

Preferably, the chemical spacer is a moiety represented by 
the formula: 



HO— ^ O ° — " R , . ~;V ; v i 




where R is ( CH 2)p CH 2^ °* ^ is.. fC 
an integer from 1-3 )* preferably 1. 



In the most preferred embodiment of the j invention,,,,, 
the conjugate is represented by the following formu.l^: . 1Ti . , 



WO 94/00149 



PCT/US93/06016 



27 




where m: is i-30r.:rifc^^ ^ror/^n. 
(CH2GH20) pCH2CH2NHeSl«I^where- p: j^ji^egeizitrQm l-*3;£?and X 
is an H. inf luenzae adfaesira prated thereof 



containing an active: site- *>f «heu>proteinv:j **ref^rably f m is 
5-20, n is 5-20 r r and.ip is : The symbols* iifcitbe . ahove- 
ref erenced' formuiar mayr alsoj;represent: cerfeaAit.rjderiYed,uo£ 
modified proteins: x>r /polypeptides tiiscussed^toelowi The 
conjugate will •toe:: associated-with, ac : 'counter ri;on.> u„otc;.j:),s.. 
Preferably, the: ion i&rNa^.AOiv. x\r: :.vci3..? om,-.- £ncoai^c me 

Adhesin Proteins ■ ^ : ^vv-: . ..>?: :.mo s -v:.. A rs.: -.^.ovx- 

The d:nvention cfurthen^^ 
influenzae adhes in; pr ot e in .a . » As: ^us ed„ .he re in»^; r-in * ' t hi ;s c n i .; 
context, the: term isc^ated^^means^thafe./the. ■. pcoteeixKi* 
significantly-rfree -of other proteins.. That ^iaixA: v r^;.? . 
compos i t ionc ccompris ing^ the /d sal a ted >prptein s £ between 70% 
and 94%; pure by -weight.-: tPreferabiLy, th protein isfa - • ve 
purif ied. As. used herein,:; the term: r" pur ifded^and,. related 
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terms means that" the^roteift is at l*ast= 95% .pure- by^ 

weight, preferabTy^at least -sm ^pSOfm 4>y weight, and most 

preferably at least 99% pure by weight. The protein binds 

to a receptor selected from the group consisting of 

f ucosylasialo^GKi ; a&f alo-GMl r ^d- Ja«J^oHai2*"all^^*^i r c^ 

contain r the-%€ructAa^ cc ' 

4 ) galactose (beta ^-■4^W*^e-(b*t-a^--l)«eramia6 abbreviated 

GalNAc^betal^ ) Gal(b'etal-4 JTGlc n>e'e*l-l)"GiBr:-- t --iThe----prot'ei=n 

also binds to another 'reCeptor ^ phosphatidyl ethanolamine.. 

In one embodiment the - protein is a minor outer 
membrane protein with a molecular weight ; of about 41 KD as 
determined fcy SD^^AG]E^f - It -is j distinguishable from the^ 
various ma j or outer ; membrane proteins that ' have been ~j-> - 
identified for Hi. In particular) the protein appears-^as a 
fainter band between 'the bands oh r a polya<srylamide gel for 
the outer membrane prote ins known as PI and P2-. See' -Figure 

1 J , ~..'„.C-' ,; 'r. i --».' v.ri- '.V':-''- V- 1 ' i XV '"-'ITT ' ''-yil'; < 

• .-. , ■* i ••:>;.'- .-^ ,! A i.-.-.i-'w fi . .1 ;• ~.ay ■•: rya <•;.•'•& 

This purified Hi adhesin* protein is : prepared^ _ 
preferably f rom nSttiral sources' as follows. - rat bacterial 
membranes are obtained by standard techniques . and ^ : ~ 
solubilized; using a solubilizing dompourtdv-siich s-as- a - 
detergent ; Preferably V the^membranes are { mixed * with the * ^ 
detergent, and the mixture^ is ^sonicated. ^The most ^ ^ 
preferred solubilizing agent is a solution containing about 
1.0% to about 1.5% and preferably about 1.3% octyl- 
glucopyranoside: * "*The adhesin 1 protein is *n the "BOlubilized 
material. The remaining insoluble -material frpN L the; 
membrane is separated/ preferably^ by> centrifuging. . 
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^ ^ :l<^^^^ that 
bind the protein and are attached to an insoluble solid 
support or matrix, such as a microtiter well or a gel, for 
a period of time" and unfleT^etmditifc^ 
protein to bind, the ^eceptor^ 

protein f romv the o**er inaterialtie im&ipr&f ^ecepft^b^s 
for the adhesin proteinsarte fact^yaaislaa^-imrr asialro~£Ml, 
asialc**;^ >~Theee ^receptors 

can ^be ApreiJared; :±nn accordance 1 with-th^^plrd^fedttres- 1 disclosed 
in Krivan :et cal^i.a .Prc«y;3 Natl . ~ Acad^escil ? USA r n SS: i61^57*^&16 1 
(1988 incorporated herein s byn re?f ©rence^£ ^The^ most 
preferred^ receptor:>^ f asialo-GMl, is also commercially 
available. All of these receptors, except 

phosphatidylethanoa*attin^ carbohydrate^ sequence 

GalNAc(beta^4-^G«ct(bet^l^4fGrc^ which^ atecwdlttgiy^ 

also be: used ^as a receptor for the purl^fi^tisbn^^of i5he^ ! '±&u. 

adhes in protein *This ^equenceo~c&^ 

standardiecarbohydrate synthesis techniques. 

The adhe^i^protel^ 
appropriate :agerrtri* r This^may be f tefe; 

SDS elution buffery or^ a" ^ chaotropit^a^ferttv> : 6uCh ias ^SCN,^ v'- 
NaCl, or quanidine ^hydrochloride ^v r ^Th^^lut^ protein is 
then: tested against- the receptor* to^ofifflrm' -that ^ ? >the- «e 
protein *does bind r *o; dtv& The« purity <>f • the^ isolated 
protein v-is ' analyzed by^STC-PAGE. T Preferably j it */iaarJb€f~o 
about 99% pure c af ter affinity purification witW-fch'e most 
pref erred^-receptorv ' °- " r ■ -*v w&tn;.LPa. 

-For pur if icatlo*r< ro-f larger* aTftt>tff¥ts f 'Of^the adh^&in 
protein , chromatography* is" pref er^d^ - -Th^- receptor' is i 
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immobilized onto -a hydrophobic gelvisuppoi*, such, as octyfc- 
agarose.;; This, matrix^ is. prepared, .byLtadsoi^ng^timL ^^aa. 
receptors rta. the hydrophobic .:gjBlS^i^e-flpa:Bseace^(Qf3«a6lt ^as 
described ^xHixabaryashiv* efexal .c;.£oafc c*hean-igLy^i?aApids .w£u.lq 
Hirabayashi^vet ?ial«& j^rfiiocheir^^^ (1983) r 

incorporated herein by reference ♦ Photoactivatable 
heterobifunctional^rosalinkingx also been used 

to prepare glycol ipad^af fetoity^ ^ nateioes^j ^ Iiijp^sod, iCcjo-aas- 
Lipid Res . , > .25 h\&10iy±ai2 (19.84.) y^iJK^rpora^ 
reference. : In .this ^case./y;the,jreceptor^actiye O^pid^S:- 
covalentjfcy ^crosslinked^to^^thexxgei cquppo^ . The column is 
then preferably washed extensively with an appropriate 
buffer solution, rsuch as^^ qena 
protein is- -elutedu-^sin ^:i.u!.* ^ < wc.^i^eo ^^t-^^^^^ ow 

A more pref erried.-jnaethod by 
affinity chromatography using ■fan.:rantlTadhesdti;.3Dono&lonai);or 
polyclonal antibody^ prepared; jby ^standard , techniques . in^ 
this case ; ithe t antibodies* lare rcovalently. .1 inHed ; to i^agaTOse 
gels activated iby cyanogen* Jaromide ior succinamide_ ^esters- :r 
( Af f i-Gel , BioRad ,Inc . )>, or by 'Others anethods., known by .those 
skilled in -the art- .The. sonic Extract: vi&:toad©d-:_on,r*he. top 
of the gel as * described.; above :.c:ui:ucc ^us:^-', • >; 

In another preferred embodiment, the adhesin 
proteins comprise an H. influenzae outer membrane protein 
with a molecul ar weight 5 of /about 4:7 ,^O0 : -daltons^u Figures i t 
7A and 7B ^hpw- the ^protein amino* acid i segueaoe as- well as 
the designated, nucleotide r.sequenceueof the iopen. . reading 
frame (ORF) encoding a 49kDa prot in .e: The 4 9 kDa protein 
comprises 463 aminaracids (.amino- racids 1-463: In ..figure 7A 
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and 7B) , includes t:as putative signal ^sequei^^Qf^ci^r-? 
approximately^ 2> 5 : kDtf 7 and 25 - amino acids , 'thereby qpesuiting 
in a m&ttt£e~pr^tein~ at * approximately -4 7iakDauaadr-'«3 8 vamino 
acids^<< amino . acids- 2 6- . ..through >4 63 oon^Eigure^A (and' »)V 
herein- designated Hin47;. uThis^protei^xds-^istinguishable 
from the known Hi proteiiis^-Pl«P6non^tberbasisu r of. rmolecular 
weight and thesf act thatathoseGproteins^are Integral ^ 
membrane < proteins while : : this: protein -is , an- outer membrane 
vprfotein^ v^i^lurptei^^tflso bihds to 3 the:- previous mentioned 
receptors - as ^well r as to sulfatide f - (SOf ^galactose (beta ^1- 
1 > ceramide) and it is soluble : in 1% Sarkosyl (N- 
lauroylsarcosi^ie)w ^ u^^^ia... ,:n>i.:c 5 j.-,;i- ^cr: 

This protein is preferably prepared in purified 
form as follows . Hi membranes . are extracted -.with *a - j. i. r-,: 
solution that removes membranec^associatedsproteins , which ^ 
produces an extract containing theaadhesinsprotein along 
with other ^.membrane^^©socdatedc7proteinsverPreferably^ this 
solution is: a^noniionic detergent , such assSarkosyleor it 
octy lglucopyranoside 1 Thes insolubleumaterial qxs s separated 
from the extract, preferably- byrcentr if ugat ion 't ^This-cr. 
produces" { a superrnatant' that contains; the ; adhesin rprotein. 
The supernatant is then brought^ into contact with a . 
monoclonal antibody which recognizes the adhesin protein. 
The antibody is bound to an insoluble solid support. The 
contact is for a period of time and under astandardcreaction 
conditions ^suf f icient for -the; adhesin protein to bind to 
the monoclonal antibody *-xvPreferablyv^ther.;solid -support cis 
a material used in-.a chromatographicv;colvunnc: :c The adhesin i 
protein is : then removed from the, antibody > thereby . 
permitting the i recovery: of protein in purified form. 
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Preferably, the tioriionicis detergent solutioncAs^removedcf rom 
the super«atant-.4sef«re j the supernatant is- sab$ acted- to. the 
affinity.' Jchromatography; -Such: removal-' is preferably- 
accomplished by diaiyzingothe^supeBnatantyto produce- a 
dialysate- that :is^ sutosta»tiaia:yJ3free. of- the detergent .es:. 

■ • .' L^suad i/acamtosr • I , is*' to •.varr- v -i , r-i ? , OGV 
The monodlonalc antibodies can v be- prepared- by^ 
standard- technique©-, « given^thectteachings - contained- herein . 
Such techniques are" disci osed^rf o»iexaftpIeic4nHU^ S . Patent 
No. 4/271,^45; •U*sued-June£'2y» i ai981 to Wands et' al. and U.S. 
Patent No. 4,196;.2<S5, issued April" 1, 1980 to Koprowski et 
al. f both of whi«h aire herein xby reference** v Briefly> imice 
are immunized with Hi^ membranes j - t Hybridomasi are prepared 
by fusing «pleeh cells from the iiftice^ with «yelomaacel'ls'ir:or; 
The fusion products-are screened for nthose producing^ ■■u:i< 
antibodies that bind tav theiHi membranes Ther. positive 
clones are then- «creenedv-toa identify: those whose binding 
with the Hi membranes is inhibited by an Hi adhesin 
receptor . The . positive^hybridomas clones arei- isolated?, oand 
the monoclonal^ antibodies are recpvered-frtonr: those i clones. 

Alternatively, the; outer imembrane^ proteins icould be 
separated on a gel*- >: The 47r kDa_band^eould- beiCUfc: out and 
injected- into the micesc; The vhybridomas:. could be' prepared* 
and screened asH-described- above*; . ' vi J...-.* «t-..z:i.~i 

BHA " • - 

The adhesin proteins j. of . .the- invention - are-: i-u r o caec 
preferably produced- (through ; genetic: engineering techniques . 
In this case? " they- are produceduby - an- appropriate • host eel 1 
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that has been^Ttrauatf firmed day vI^«:tliate^GOd)es vfor.^tsfaei ^.u 
proteins ... Pref erabLj^ ;<tha rhosfc nce-Ll is ^eiracteriTimT ~ ^and^ 
most preferably. r±he\;toacteriuim Is-rJBa fomlristgi fi ^ -JSubtdA is ^sor 
Salmonella , s.&^^s^&c&i.... ^.vernaxxvaxy v r.r;-c -asaics.: - or rL.cn 

. --"it c-ar- on anctner vector , i;^ian _.-..>- u^eo.' .cc 

Ther- DNA^ofi£the ernvearfciottjis an ^isolated: ?or^ 
substantially; .purified DNA ^sequence (iie*^ • n - ^2ij.a 
polydeoxyribonucJfeiotide molecule) ieneodj^ ,ia protein or 
polypeptide that binds to the previously mentioned 
receptors. Preferataly:^'tfaeTDN%-.io£ 1^ei±iTTOnti^n?^includes^: 
an open reading frame : 4<3lffi.)j.^equenise> (Jiuoleotides 115 - w 
through 1503 rii^-Eigures ; 7A f and<~B)^: designatedr4isii£Si ,are 
encoding an^ approximaten49;LkDa and ^463 ;!amim3^acidiprot:eiiTP f T;d 
designated Hin43y • asiushown iin :rfigures»r7A rand;*.)^ Most 
preferably^. the DNA- comprises that sparferof the ORP that 
does not code for the > signal sequence ^(nucleotides 191 
through 1503 in Figures #A ^ndrB)^or Accused herein;;; the 
term "isolated" iand ^variat ions * thereof means 'that 3 the DNA 
is in isolation .f rom vDNArencoding; other iprotexns "'orrc 
polypeptides normally :accompanying^?ther1Hi cadhesin ^proteins . 
Thus, the DNA of jth& invention. inciudes^DNAi encoding: the 
protein or polypeptide when that DNA has been cloned into a 
microbial vector-, ^such as: a- plasmid ,r . or intorar viralu veetor 
that may be . harbored; by: \at -bacteriophage ^provided* that such 
clones are, isolafced-.f rom clones;cthat confcainitDNA encoding 
other proteins ^or tpolypeptidesxmormally ^accompanying this 
one. As. used .herein, the cterm dlsubstantially ;pure# and- 
variants thereof? means, that the/DNA; isnsubstanti^ally free 
of DNA and RNA that ; does notDi encode : the proteins or 
polypeptides of. theuinvention.n \ That is f v there ^willrbe^ no 
more than,; about ; Jc% by weight :of other. DNA and RNA '.and -ul 
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preferably no r-morer than mahout. -0. 2% by^ weights of mother DNA 
and -RNAvincany csample that contains -.thee DNA r,of o the-: 
invention. 

Preferably the^ DNAciseobtained by^ using j either the 
receptors j. or monoclonainahtibodies v?to^ the*: adhesins: t©"-.t?. .> 
screen an appropriate genomic r library .that-, contains -Hvp 
influenzae - DNA* : zSuch a library -comprises^ colonies of a-: 
single : type aof m^ 

coli K12 (XL-l).,^into which~pieces of -the -foreign DNA*have 
been inserted, .generally by^being- incorporated into a-;.^~ 
plasmid, . cosmidy: adr phage vectorceompatible with the^ l * : 
microorganisms - tMbre specif iealiy^-' the: -library^ comprises * 
clones of vectors ^into which;: different* :sequenaesr of the DNA 
have been operably-cand recoverably inserted each » of then 
vectors containing -onlyu.onexseguence: of the -ONA;. The 
vectors may be. plasmids, ecosmids, phagemids, or phage 
genomes.. -If. necessary because of the type of library being 
used, segments of DNA will have been inserted into the 
vectors in a manner that r^eyawillnbeu expressed, under in- 
appropriate, conditions (i.e. , in proper. orientation and 
correct reading frame and with ^appropriate expression -h 
sequences, including an .RNA^polymerasarbinding sequence:and 
a ribosomal binding -sequence. ). .The microorganisms will be 
ones that t .do -not express the adhesin protein, such as E_-_ 
coli HB101. 

Clones from the library are brought into contact 
with the receptors or antibodies \toddentify those clones 
that bind. ' The .clones are isolated^and the exogenous;. DNA: 
sequence is r cover d f rom ; one of the clones*. nr Th -sequence 
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is preferably evaluated? tp^&e&t^i^ t LtJk1hi1*$^f^ P^Sv 
P^Q^iju or cne or ssoro asluw acids . Lc •cne .urorexa. or a 
•■ -rsnrninnt -c.i2Gr.eot , Pr*i ! erablv r -sucr* aerxvea prsteiiJE. ux 

, .,>^r/l > ySferafely Ba ,^e i .jgieg^ij&. Ubraryi comprises , bacteria^ 
such - as E^eoli„ infected* bYr* Phages prsf erably r bacteriophage 
lambda. ; r,Paa(^a^produgedibjrj.$togB&agfi AP f «?££4.L bacteria 
are- screened 0 .by . n^f(Blp^lv^^j»94ie6 > gt9. ]: id§n^|£y r: ^Me^j. so 
plagues containing.^ 

protein jv^The screening i; inya}x§ 1? -ggs&£9t&&, tbft.plagues 
with the/nonoclona^ant^cjyj; tp^deteinnkne if r binding has 
occurred, • us ing . s£andarg ; ,^chfl£gu§§ . ^,,Preferab}.y, . ; i <„• L« ;i s 
iinmunc«ss3ys ? ,are s u§ed. c as. parxtuia&s < ; aucL 

.-. ..I-.-..-' "d2.v'' '■?r»"'* ; ."'.5 v '".<=--- v ..a5' • .ifiusrustpw^^catiy- -nr ••:r ; b.- -Tm^a-in- 
• In this^ preferred .em^pdiment^.Lthe^pof itiye :i clones 
are then^isp^at^^byh^ pps£tive>. plaques, and 

inducing plasmid :: formation, dp- the bacteria in^he-, purified 
plaque with,- a^ helper phage according to standard 
techniques . 

... , - ; , - n ,.. o:; . L :_.. i|iv t ;nt.ion ^Cr- y correal!.; arte or 

- :.. : In an. alternate., prgf erred t; embpdfcm^ 
containing- DNA that encodes, an Hi t .adhegin,vpro^ein co.ixld^be.; 
detected using PYIfA-; Beads ;..accor.d>pg,. : .$o^lsyic^ 3 gt J ali. J , ; u 29th 
ICAAC , ..Houston, JTexx^lge? , ,-. incorporated .herein^ by v . . 
reference,. ... .IThe^prey^pusly, described receptors,- wou^d ..,be^ w ~ 
crosslinked to, ; tosylated DYNA,. Pp.ads A M2S|0, a and thes,e f , ce!: , 
receptprscontaining. beads, : wpuld, : then , J?e«- used pp. adsprb.>jtp s . 
colonies expressing, ,the adhe^in a pr^t^n ?>eo .Cp^pnies ? 'n^ i .. 
expressing the adhesin would be removed by washing, and 
this process would s be n repeated, to, pbtain an .appr^rja$e- r ; ,r 
enrichment. fl Pu.tat£ye r adh sin. express ing. ; cplo.n4es vpj&d rns 
then be plated., and. . cpnX^^9^ pyv m ^i 3 ^^P^ 1 ?tyv^^ e ^ i - n '3 each 
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colony with^^ €h#^abili%y of the, 

coloriy~td^ biiid f-«%b tHe temper ^ ^^f6^iy^^ribe*i- 
The DNA ! from ti^titt T *dBM»W& v^^m^^^tiid^mT&ot^ar^d -to* 
identify Shared sequences , "and these shared sequences would 
be further subcloned and characterized. 

■ -xi-auvcr; . ^oxyporrcxcMSS correspanainG t.c 

nonspecif ically ditimobili^d ofe^qg^aBie^^drt , -such as 
silica or Sealitfe^ resin T8ie i^t^ial^™^ be used 

to adsorb to cdlbnies expressing the adheSi^fi prdt^i^^as ; 
described in the preeedii^ ^ -r' - 

In another alternate preferred embodiment, the gene 
for a specif ic atresia WuFcT &e^€^irm--S»a ideritifie<rby 
constructing ndh-adheiterit^^ of a-ngpedif i^^pathog^n^^ 
This would be ^ acebm^l-i^shed ^by oteaiiiitig mutants titsing 
transposable ^lemehi? sutttt ^^ TnFfeoA^ars described if* Manoxl * 
et al.; ; Proc ± ^ Nat*:n Acadv r Sci ^>USft y^8 ^8 SI 29 -8 1)1 3 3 ^(T9 8 5 ) , 
incorporated herein reference . -^Al*alindcphosphatase 
positive mutants ^ouia^ih^ 

proteins.' Since the adhesin^fbr each^pathogefi^is /l^cated^ 
on the outer^ mem»i=ane -surf ace 1 and therefore ^>tpdrtedp^tt*s 
set of mutants wdUld^nt'ain ^ mch ^reduced ^subset ^f 
mutants/ "They- ^would then f be V( :screened for ^a "loss ^tn binding 

activit^^-- ^ ^' ,r ^ ,t: ^ w " xC:r ' v:xu - ■' rt * 

it will be recognized by persons skilled in the art 
that a DNA sequence : 'ft)r^Mi radhesin protein ^Gan^ v^a 
modified by kndwn techniques ^in view of' the -teachings ri .xg 
disclosed herein ^ v-i For exaihple>n<jiif * ei?efitec6doflS< can be^or 
substituted that 'code 1 for -the^ same am&no'iaeid f) as *the^ - 
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original codon^^ljt^ 

code for .^a differenti^miTio^t'acid that -will nbt^ affect the^ 
iimunogenii^ity^f-^ may ttoprbve^its ~-v 

immunbgenicity ^ Far ^e^i^le ,-S$±^ 

site ^peei^id-^ b* bt^er^teehni^fes^to-create 

single b£m\^ 

insertions,' -deletions and ^ratfspositibhSy^ ^as-desoriBea-an 0 
Botstein and ShbTtle, "St^at^i^s ^ndPApplicatibns of In 
Vitro Mutagenesis .H^ Scienoe ; ^229: 189^1210 (1985) > whicfi^is 
inc orp or a t ed . h er e i n ; <by - re £er enc&^ cannbe employed^ Since 
such modif ied -^NAV can be- -obtained ^by the application -of 
known technique t<£ the* teachings GbRtiaihedyhereihr Ci sQGh^ - - J > 
DNA is within the scope of the. claimed invention. 

Moreov^,v tit-^wiM- be? *reiCbghizfcd -by those' skilled in 
the art that the~ DNA Sequence rr (or n fragra 

invention can beu^used* to obtain other ; DNA sequences -that 
hybridize withuifcivunder* conditions - of - moderate to high ~ — 
stringency including - the derived- sefquenceg^discuss^~in 
the preceding 'paragraph) ^ using • gen&ral- techniques -known in 
the art. That is, the hybridizing sequences are at least 
90% homologous and 3 preferably 1 at least 95% homologous to cvl 
hin47 . Accordingly r - the DNA of the invefitibh -includes such 

DNAV^" : '^ . c\7.x v> -*? • . \.>. * ,rn . l ~ v..." '-oi- - v ' ^u.-j'y.iuPO.i ^ : *A.r 

The^ DNA of . *the invention may- ■ be used in ^ accordance ; 
with known techniques^, appropriately modified in view of 
the teachings^contained herein ,^to construct an -express ioft* 
vector, which is then used to transform a microorganism for 
the expression and production of the adhesins of the 
invention. Such techniques include those disclosed in U.S. 
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Patent -^os;.. ^440, 859 issued April 3, 1984 to Rutter et- 
al., 4,530,901 issued July 23, 1985 to weissman, -4,582,800. 
issued April 15, ^safritouetairl, c4#7lfOM dssued Juws^ >R- 
1987 to -Mark et aW> 6?<8 £151 issued July 7, 198? to 
Goeddel, 4,704,362 issued November 3, 1987 to Itakura et 
al., 4,710,463 issued December 1, 1987 to Murray, 4,757,006 
issued July 12, 1988 to Toole, Jr. , et al. , 4,766,075 
issued August 23, 1988 to Goeddel , et al. , and 4,810,648 
issued March 7, 1989 to, Stalker, all of which; are 
incorporated herein.bjr. reference. 

The DNA of the invention may be joined to a wide 
variety of other DNA sequences for introduction into an 
appropriate host cell. The companion DNA would depend upon 
the nature of the <.host ceil, -^the manner •eo£:itheyintroduafcion: 
of the DNA into- th*:iho»t ocelli* £itaa;iyhether •• epi»onaa xn%axrex 
maintenance or -integration is idesiredi -;v -c ?reu are uus 

■ ■ - ... .;; .■^►■(.i-i KKi cnt orspiraCicn- a; i.:-:;;roa5ruon 

Generally , -the = .DNAoiscinserted into can vexpression 
vector, such as .a .plasmid^ \innproperoprieaatafcion andts; ir 
correct reading* f rameif or expression;*.;. Ifcnecessaryirethee. 
DNA may be 1 inked i to ethe-iappropriate ..transcriptional and 
translational regulatory control nucleotide sequences 
recognized by "the "desired . host) oalthougfcpsueh. controlsirare- 
generally available! dn the ^expression ^vector ; e-The vector- 
is ^then introduced e inter the hostr through standard 
techniques m >> • ■-;>■ •' v...... , ^ ui gso.* 

••• - !. t -v • o ■ : c.ctr.yr:'}'' ■i.«. , -a''>s:. vt;^.:; in. oei;tsr 

GeneraitlyFenot all .of wither h©sts.;.will be transformed 
by the vector. Therefore, it will be necessary to select 
for transformed host cells. Once selection technique 
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involves incorporating into the .egression vector a DNA - 
seouence. with arty necessary control elements, that codes 
for a selectable trait in the transformed cell, such as 
antibiotic, resistance. Alternatively, the gene for such 
selectable trait can be on another vector, which is used to 
co-transform the desired host cell. The preferred 
expression vector for use in the invention- is the piasmid 
pMClOl. The preferred host cell is E. coli. ; ; 

The transformed host cells express the proteins or 
polypeptides of tih'^ -invention. Such cells are -cultured by. 
known techniques and the proteins or* polypeptides are 
recovered by known techniques. Depending upoi\ the host and 
expression system used, the recombinant proteins and 
polypeptides of the invention may be part of a fusion 
protein produced by the transformed host cells. Such- 
proteins are recovered by known techniques, and the 
undesired part may be removed by known techniques. 
Alternatively, the fusion i protein ^ itself may be more ^ ^ 
immunogenic than the recombinant protein or polypeptide, 
alone and, therefore, may itself be used in a yapcine. — ^ 



c.rmr 



If desirable, the adhesins can be ^further ^.purified 

by the application of standard protein 

techniques, modified and applied in accordance with the 
discoveries and teachings described herein. Such 
techniques include electrophoresis, centrifugation, gel 
filtration, precipitation, dialysis, chromatography 
(including ion exchange chromatography, affinity, 
chromatography , immunoadsorbent affinity chromatography, 
reverse-phase high performance liquid chromatography, and 
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PSribWcc.i- 



gel permeation high performance liquid, chromatography), 
isoelectric, fopusing,.. and yariati^ns^.and ^ cpmbinations^ 
thereof.^ 



One or more of these techniques are employed 
sequentially in a procedure designed to separate molecules 
according to their physical or chemical characteristics. 
These characteristics include the hydrophobicity , charge, 
binding capability, and molecular weight of the protein. 
The various fractions of materials obtained after each 
technique are tested /for their ability to react with the 
adhesin receptors- Those fractions showing such activity 
are then subjected to the next technique in the sequential 
procedure, and the new fraction The 
process is repeated until only one fraction r^ct^ye ^ with ^ 
the receptors remains and that fraction produces only 
single band when subjected to polyacryl^mide gel ^ _ _ 
electrophoresis. t > ( 



■,tr.i 



The preferred techniques include those identified 
and described in U;S; Patent No. 4,446,122 issued May* 1, 
1984 to Chu, et al-, which is incorporated herein by refer- 
ence. Preferably, the adhesins : are purified by receptor 
affinity chromatography, or antibody t 7 

chromatography. . 7T . — r r.-, - ■ : -r. v - 

Modified Adhesins 

. ' „.,, - . ...-!■. .-i ; . ■ ^ r .*.. ; 

Th adhesins. of the invention may be modified by 

known protein modification techniques. Such modifications 

include breaking the protein into fragments that contain at 
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least one active site or the addition/ substitution, or - 
deletion of one or more amino acids to the protein or a 
fragment thereof. Preferably, such derived proteins or 
polypeptides are immunologically cross-reactive with the Hi 
adhesin proteins, thus being capable of eliciting an 
antigenic response to h. influenzae in an animal host. 
Most preferably, such derived proteins or polypeptides also 
bind to an H. influenzae receptor selected from the group 
consisting of fudosylasialo-GMl, asialo-GMl, and asialo- 
GM2. (As used-in this specification, ^etera: : 
"polypeptide'loalso includes shorter chains^- of amino, acids 
that are often* referred to as peptides,). Such 
modifications may enhance the ^iiiununogenicity of the protein 
or have , no , effect on- such' ^dtivity. The modif icatipmU yl 
techniques include those disclosed in. U.S. Patent^No.v. v/ 
4,526,716, issued July 2, 1985 to Stevens, incorporated^ 
herein ^ by reference; 

The proteins of the invention may contain, one^ cnrwi 
more amino acid,sequence^1:hat , are not necessary, to r $h:evLr 
immunogenicity,.;., :It mayHse the case, tor ex^wple, f thatConly 
the amino acid sequences of a particular epitope of the 
antigen will be necessary for immunogenic activity. 
Unwanted sequences can be removed by techniques well-known 
in the art. For example, unwanted amino acid sequencesi/can^ - 
be removed. via- limited proteolytic digestion using- enzymes 
such as trypsin, - papain, or related proteolytic enzymes. 

This latter approach is expected to be particularly 
useful for the adhesin protein of the invention. Since the 
protein binds to several related receptors having a 
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consensus sequence, the protein should have a well 
conserved region that acts as the receptor binding site. 
This site is the particularly' preferred polypeptide of the 

invention. _,~rr 

.-,••*. *\ v -* • *^ . * 

Alternatively/ pol^peptifie^ Corresponding to 
various immunogenic epitopes and/or the receptor binding 
site of the protein may be chemically synthesized by 
methods well-known in the art, given the teachings 
contained herein. These include the methods disclosed in 
U.S. Patent No. ^4,290, 944 / issued September 22, , 1981 . to, 
Goldberg , incorporated here iff by reference . ~ s ; _ ^ 

Modified proteih^ ot ^polypeptides, can T be ^prepared 
that are substantially homologous to the Hi adhesin protein 
or to the polypeptides discussed above through the use of 
known techniques and routine" ^ the 
teachings contained herein. ' As used- herein, ; the term , 
"substantially homologous" meatiss imntunolpgiqally , cross- 
reactive. Such a proteiri c br polypeptide- may i?e identified 
by the fact that it wili ^iild td' antibodi^Sj thatfp. ..were made 
to the adhesin protein of the invention;- -whiph , antibodies 
can.be prepared by standard techniques v. n -.:Son@- pf . such, 
modified proteins or polypeptides may have enhanced 
immunogenic ity compared to the one from which they are 
derived. . r _ _ 1 ' ;:v ., , -. : ; : . ; . rr . , 

Thus, the invention indludes^a class of derived 
proteins and polypeptides, including synthetically derived 
peptides or fragments of >: the Maidhesin- protein, haying common 
elements of origin, structure, and mechanism of action, 
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such as iiaxnunogenic .ef fe.ctaorsbeing ablectoubind to= the - 
previously: menfciopedirecept^ 

pf thej present cinventdpn- because they can? benprepared by 
persons,, skilled- indthe art withoutsunduerexperimentation , 
once ; given- therteachings of c the present rinvent ion. . nv. 
Moreover, ^ since personsvskilledcinotheeartrcan: make 
mod i f i c a t i on s c % o ■? or - de r i va t i yes , o £ ^epi t ope s jor a the r ,r eceptor 
binding site ; on^the- proteins-or rpolypeptides^of cthe. -xc^u ^ 
invention^ nonces such epitopes or .site are identified, such 
modifications ;dr derivatives are within the scope of the 
invention ♦ Such derived proteins and polypeptides are 
preferably pure as that fcermriwas previously def inedsherein. 

The Hi^adhesinvprotein of -the invention; (as well as 
the related proteins and polypeptides derivedo therefrom) 

has ut il i ty >not ± only » in r the ^qon jugat ervacoine but as can 

immunogen . in , its <own right • Thus > v it can f be :< used , in . a >. it- 
vaccine for animals , including v mammals > Jtrodents > nprimates 
and humans. .The preferred,^ use is:.a ^vaccine foruhiamans, 
preferably children? andrmostxiprefera^Ly- young infants* 

Such , a ^vaccine : can -be ^prepared by techniques known 
to those skilled; in the art and -would ^comprise, .*for ir 
example, the antigen, a ipharmaceutically -acceptable ycar« 
rier, an appropriate ^adjuvant, , and other materials 
traditionally j found in . vaccines. ».An immunologically cef fec- 
tive ; amount ;of the: antigen to be used in the vaccine is 
determined by means known in the art in view of the teach- 
ings herein. . „, ■ * ^- - ro^.j,^-. ■ ;-v" 
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Synthetic PRP .r : merrtv. ax v - au.{.wi...u\f 



. oouro The* rihvent±ort5^f urther comprises snovefc .synthetic PRP 
represented'* by cfche • f^rnwla^o. v« <. v ? 3j : compound & ■ 




wherein is ^an ^integer ^froim 2 vto-^Oi/ ^pref ertcibly v5^2;0 >>rand R 1 
is ( CH 2 ) pGHO or i( CH^ CH2^>^CH3€H2l«2 K where cp -t is oan integer 
from 1 to 3/ preferably:* 1 . The 1 ab&ldty^lso prepare ^this-x^ 
novel synthetic?3PRP permits .zbhet preparation pcompositions 
where all of the PRP oligosaccharides are of the same 



length (i.e. , hsve?~the ^same number rot moiwn&eric 'Units) , in 
contrast to PRP obtained from natural sources, - where the 
fragments vary tremendously in ^length ru v ;r . ir ynwaw. 

The PRP of the invention is prepared by a combina- 
tion of solid phase ^synthesis i and- the highly 'efficient H- 
phosphonate: -method for therconstructionrof <the 
phosphodiester linkage. It also: "involves t*the use of <gels 
with higher levels of functionailizatdonr^hich are 1 better 
suit d for commercial -scale operations . : ^ • • j 1 
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The general approach is to prepare a protected 
oligomer ic &bb£~jjdr by the 

f Allowing ^t4ps^ w First, the monomer for chain initiation 
is coup^ represented by 

the formtila: 

- or. V M'l Sr. T: *£0 V J. B CJ.O~ - _&&r» SV Xa^lOn . -iA'C 

. f . . , •-. .;i: V ri.>^u'.-,'j'-^- CrJ.Oi:;,)".!. . >. ■ ~ -- i c;.;».0"-;^--i3iiO-3:)tit5ri han't-! 




h-OBn 
— OBn 
— OBn 
— OMMTr 

H° OBn - - 

■■ "^«:.H^r. : . - -..■- , a --.res pr^cax^ricx. r*..* 3.ccise.rs . 

r-.-i • 'n^pcf riTY-QT cver?r*'o*i:er:n.; lob 

where Bn is benzyl aha MMTr is monomethoxytntyl . See 

Compound 7, Table- l v The preferred solid phase is a 

Merrifield- type" amino' resin.' The chain initiation monomer 

(Compound 7) is coupled to the solid phase by known 

techniques, such as reaction with succinic anhydride, 

followed by coupling of the obtained succinate' of Compound 

7 to ammo groups of the solid phase. The loading is 

determined by colbfimetric quantification of" tihVtrityl 

cation released oil acicf treatment 'i' The* cbupleci compound is 

then detritylated/" such as by treatment with 

trif lubroacetic acid in dichloromethane. 
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Chain elongation is accomplished lay " coupling* the 
detrityi-ated tiharin 1 initiation 7 Tnlor^tiet^-M'th^ a" compound 
represented by the' f ormuierh— - 




tfwrt9*ft»ji where Bn is benzyl and MMTr is monbmethoxytrityl . See 

Compound 8, Table 1. (The compound will be associated with 
a counter ion. Preferably, the ion is an organic cation , 
such as triethyl ammonium.) The coupling is accomplished 
by using a condeSrsin^ as^pivaloyl chloride T 

The- resulting compound '"is^Wen^dettityla^ed. "'"The chain 
elongation-detrityiatlbn steps ire" repeated a sufficient 
number of times to p^e'pire an ollgosacchaHde of "the 
desired length. Thus/ If n~tepresOT number 
of PRP monomers in the oligosaccharide, the chain 
elongation-detritylatioh^cybies' are repeated n-2 times 
after the coupling* '."of the chain initiation "monomer "and 
first chain elongation monomer. 

The chain is terminated by 'coupling it with a chain 
termination monomer" represented by ""tlie "following formula: 
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where Bn is ^^1* ^ ^ an al»l ^oup X-4 
( CH 2 CH 2 0> o CH 2 CH 2 *< ,« o ^ OUE ^ «n =onv.^. 

into an amino group. Se wlth a counter «n- 

(Th e compound Will ie ^-"^ catlon , su cn as triethyl 
Preferably, th. i- « » r3 is methyl or ethyl, 

ionium.) F f £Sr f ^^oacetyl, benzyloxycarbonyl , 
preferably.* 4 « Na. 

or nuorenylmethoxycarbonyl. - ..,,.,„„,.,,. 

' ' ' " : " • . rif the solid-bound oligomer 

The Phosphonafie groups of . — preferably, 

this is accomplished .. ... . 

pyridine. * ""' 

" is th en removed from this 

^resulting -pound « ^ by Bethanol ysis 

sol id suppdrt. preferably >J ^ fOTBX ,, 

Tne recovered compound « repr .. . . 
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«riaa|T>*| ui-ivzL ... „ 

— 0 OOn L,0_ p 



OBif ? Si 



wnere n is an integer from ;> ™ 

counter ion. Preferably Tho ^ • ^° Crate<3 Wlth a 

substitute » ' ^ ^^ 65 ^ - 911 ^^ama^iutf-br— : v 
auostxruted ammonium. ) 

^ „ See ..M, and,l^ H Tabled: 

■ liblk 1 shows the syntoesie^of- toso th-i^v u. 
»o„o»er, compound 7, and the chain. ^In^t if "^J* 0 " 
Compound «„• read ily ^i^^^^ 
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Compound Ir^withvallyl -bromide/ sodium ^hydroxide; in^N , N- - c p. ^ 
dimethylf ormamide gives i the -expected .5-^Oraliyl ^Compound JL 
as an oil thatccanrbe distilled ;:;^This ^compound is ^.-^viiF 
subjected to,„aisequencei of - react ionsrcompri^±ng^ydroly sis 
with, aqueous^ f ormiccacid , rsodium • ;borohydride ca=;eductiQn^ 
tritylat&on /with ;triphenylmetltyJ.ahloride/pyridine^ » i v 
benzylation with* benzyl • chloride/sodiumchydroxide in -N;iH 
dimethyl formamide r -a^ acetic acid. 

The resulting Compound 3 is purified by silica gel 
chromatography./ s w'.-.-a — . --..m, 

Benzylatioh-df ^Compound 1 jwith-ibenzyl .chloride/ inq 
sodium hydroxide > in :N,N-dimethy^ 

expected- 5-O-benzyl compound 4>xas ran coil "that can. be ', n r . 
distilled . This., compound . is sub jectedrto a ^sequence -. f of 
reactions comprising hydrolysis -with aqueous formic, acid 
and benzoylation with benzoyl chloride in pyridine, giving 
Compound 5, which is purified by chromatography and 
crystallization. Compound 5 is -subjected to a further 
sequence of reactions, comprising treatment with hydrogen 
bromide in dichloromethane^ 

followed by treatment with methanol and collidine. The 
resulting orthoester* is, then debenzoylated with sodium 
methoxider inrmethanolv : The resulting product rdsicallylated 
with allyl bromide/ sodium hydroxide dnjJl r N- j ; tJ 
dimethylf ormamide to give, after purification by silica gel 
chromatography, Compound 6. 

Glycosylation can be accomplished by several 
methods. In the preferred method (A), Compound 6 is 
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treated with trimethylsilyl chloride to ; igi¥e.i 1AenCorrri:a- u 

responding -glxcosylr^ 
Compound 3 ir^the w pr^^ 

ribitol : glycoside- v . Alternatively; (B). , Gmpm®^6 CL i&p\ ;:ae , 
transesterified a in^e a preseiM^ aaai - 

resulting ribitol orthoester.isdth^^ iBr sifcu c fepr 

give the ribitol glycoside*. a mont;o o^lw^i: ^a^.;. a v; 

The xribitolxglX^ ..^con&ce 
debenzoylation^^tfe sodiw^met^oxide.iin. methanol and jr j 
benzylatiqn with.vbenzyl chloride/s^ 

dimethylformamide: The resulting 5-0-allyl-2 , 3 , 4-tri-O- 
benzyl-l-O- (3-0-allyl-2 , 5-di-O-benzyl-beta-D- 
ribof uranosyl) -rD-ribitol -isr^eallyiafeea.- by, f tre^^entnwith, 
successively, tris- (triphenylphosphine) rhodium(I) chloride 
and aqueous acetic acid and monomethpxy^ritylatedcwith 
monomethoxytrityl' chloride. The resulting^chainoinitiation 
monomer ( Compound 7>) is : puri f ied .toy ^chromatography . n rs a n a 

The condensation cre^ct ion 1( of ^Compound o7 with - -\>« 
phosphorous acid/5., 5-dimethylT2 -oxo-2rchlororl ,\1,>2 v 
di oxaphosphor inane . gives jthe ..chain elongation-monomer^o 
(Compound 8).. . u.< : . -.-.r /• / • ■ v.-c:x-. s^cwst:. . ^xxe 

Table 2 shows the. synthesis of the ^monomers for 
chain termination. Compound 6, .is .-reacted with .... . 
trimethylsilyl chloride tQ give the corresponding .chloride > 
which is reacted with the appropriate ^.alcol>ol^;tnath^rpres- ^ 
ence of molecular sieves to give beta^glyepsides., of ^fcheiro: _ 



^JM? ii 
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aieofiols^v-Preffe}^^ 

aziddethd^ethianoa^^r2- / '.' \'; -aacitfu, aca U" v "*^T.ur 

benzyloxycarbonylamlda>etho3cyt}ethanol; or 2^2* ^^aiUM 
diethoxyethanolw -aihe beta-gly cos ides ^are:vsub£ected to the 
reaction-setjuenceHdete^ cro-aru. 
deallylation^asc ^ thewpreparationrof Compounds ;awhich 
gives Compounds^ 9 * or^ 1^ ^ Condensation ^withmphosphorous -inc. 
acid/ 5 -5-dimethylf2 -oxov2*cMLoro» 19 2 9 3 ^dioxa-phosphor inane 
according - to theisame- procedure-used^ t o » vprepar eiiCompound afrs 
gives the desired spacer^c^ntaining monomer so (compounds 10 
or 12) • ; ^y^\rrrH • . f ^^- < :,c^rx . ^v, v 

Table 3* shows the^ specif ic^PRP oligomers; obtained:- 
after solid phase synthesis: e^^ and 
10 or 12. Compounds a3^ and- 15? are'-- the protect edaoiigomerso 
a f t er removal from' i the- solid ? support , : andocompoundsai4 iand 
16 are the final- oligomers after : deprotectionv^o ' cr, 

The preferred 1 usejof the pnovel >PRPiis ins the 
preparation of the novel immunogenic conjugates. The 
oligomer is coupled to one of the proteins or polypeptides 
of the invention by standard techniques lappliednto^the 
teachings contained herein.- When the^spacer terminates in 
an aldehyde group, the preferred technique is reductive 
amination using sodium borohydride as . described in- Roy? et 
al., J . Carbohvdr . Chemv 6 : 161-165 (1987) and Lee, et~al.v 
eaybphydr. Res, ; 77: 143^*56 (1979) , both of-which arer x r o 
incorporated- by- ref erence, t When- the spacer^ terminatesr.with 
an amino group > the PRP -is- ;convertedr into:-thevisothiocynate 
by treatment with an activated:- thiocartoonic acid' ir 
derivative, such as thiophosgene,eand then coupled ^to^ the Ci\ 
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protein at a pH of -9-10 -in -accordance -with the, procedures: 
described in Kal*in r xet*al . , aaiyooconiuqat^J t ,' - 3 : 311-319 
( 198*) and ynpf ; — »•» *j *M»»h«<i« -F.nzvmol. ; 50 : 171-175 -v, 
(1978) r both of^which are ^incorporated eherein by reference. 
The ratio of protein/ carbohydrate is determined by a 
combination of Lowry protein determination and ribose 
determination. The -ratio is primarily a rf unction of the 
ratio of carbohydrate to ^protein in-therinitial reaction 
mixture and the type of spacer used, As shown in Example 
3, the use of .a ^.spacer . terminating -im van 'amino group 
_( Compound ;- 16 )•< results in- a greater number. ; ofa.o - - 

oligosaccharides being coupled to the ^protein ^tfaan the use 
of a spacer terminating in an aldehyde group (Compound- 14) 
Table 4 shows • the - formulas of the .final ^conjugates i. >. : - 

Vaccines •••• ' i"". 1 ■■■ ■ ■•'•-- 

The- adhesin^oligosaccharide conjugates, as .well as 
their protein components as previously ..mentioned/, cmay be 
used in vaccines, against both invasive- and -non- invasive 
strains of h. influenzae . The con j ugate vaccines -should « ~ 
have greatest 'utility; against H^Linfluenzae 'type b. 

•^'The vaccines comprise an" immunologically effective 
amount- of the immunogen in a pharmaceutical ly. acceptable 
carriers. The combined immunogen "and- carrier may be an 
aqueous solution; emulsion, or isuspension. - An < im- v*. 
munologically effective amount is determinable •* by means - .. 
known in the art without undue experimentation^ given the 
teachings contained -herein. In .general, the .quantity . of 
immunogen will be between 0.1 and 100 micrograms per dose. 



PCT/US93/06016 



- 53 - 



•• : ::?^.^-'Carrietai-a*»" , 4rS u 1 ^ u<sr:>.ttx ware owo.-.s;-.-! .i:rj . 

include staMai>g e rS :a £ • ? 0,, ~ 0 & *M*4**Un«th**HPt and 
• tPtolXUen * nglu<ia 'v^W- Offers. - Wftable 

lactose, •»to«8i««g^^?« , v*»->s8^«v« 0 «to« -sorfittsi 

™<*ud. s.l ine , Hank8 Bal " " diluents 
Suit**. buffers ^^^J"^' «d Rlngers ^ - 

•Mall „tai , ,^«W^t.lv ph6 s iiSjita< an " 
carbonate. The vi-^" ^"WW* 1 * earth' metal 

"elude alumina hydroxide' SU * tabls adjuvents 

- Harcol 52 , or a ve^ielrr" 6 ^ °^ such 



- - - ^vaccine may ^ ^" T / ;!5C : '° ,rc:: - ,;V 
, a, cocktail ^ 
against , a«^^^ ? ^ a ^ e ' that- lna „ti«ity 
administration- <*SB«f i £ B *J ^^^^^infr. 
us ^d in the known ^^l^^unogmts^ Jgfc^ 

. wThe.vaecihel 6f tne"'''°' ' m * r " ::::iOTi ^' 
techniques known 'to ' th^e ' ' * 7 ^"-^^^e^fed^bf 
teachings, contained herein 41 ^^^ th *^P given the 
»i*ed .with the .arHer ■■^^ < -f^W^^'^l^o 9 fe are 
emulsion., one^or m br e of ' < '^f^^^'^Pe^n, or 

cine Preparation ^ y ^ ^^f^^tlyv The vac / y 
drying .for ^torate purposes ^Z ^'** 0 * 0 **-***. by freeze 
subsequently reconstituted Z ' r t , ' ?9 * dt ** y ^ be^^™^- 
dition of -an apprbprU^'liSj -.vaccines^ the^'' 

Aj-yuia carrier. 



I 
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. : - The vaccines^ater adainisterEd ; tonhumanariPr other 
mammals; iincludiTig.-.iiJdents andc primates. Preferably* they 
are administered . toe numany children-, e most pre£erably4ir,e- 
childMn^ youngerrthan.:18: moniths; afsagse fiTheyccantbe 
administered- in ion© ore more.' dosesiio Thecwaccines mayebe^ 
administered by know routes.! of jfldmioafitration for this 
type of vaccine. The preferred routes are intramuscular or 
subcutaneous injection. Accordingly, the invention also 
comprises a method for inducing ans-immuneerespdnse to Hi in 
a mammal in order to protect : the* mammalr against , infection 
by invasive or non-invasive Hi. The method comprises 
administer^ing-tan^imjnunologically effective amount of the 
immunogens of the invention;to the liost: and,r preferably,? ; 
administering the vaccines ofuthe dnventipn-utPr&he hos^e 

■•.-£• • • yi.r.i-.fc r-ix-cu- .■■■."f-.t.r acv-c^i!ceriT,ret.ec ( n ii:r\ 
Reagents: ..ic. . -*>x our was axsaosvca vr or- 

The con j ugates:p'prbtein/po lypep tides-, andr oligomers 
of the invention-are ;afcso useful-, lasrireagents- for.: scientific 
research on thei propesnties ofi'patoogenicity,oyirul.enQe, and 
infectivity of ;Hii; as well as hostwde^ense_anechanisms. For 
example ; the DNA of the -invention carabemsed -inran, 
oligonucleotide probe 'to identify .the DNA. of r other . . r «- 
microorganisms that .might encode can adhesin; fore such 
organism;" '--^TKe -protein of the ^invention icould.-be used to. 
make a monoclonal antibody that .could be used to .further 
purify compositions- ' containing the protein : cby latt-initX:. rc 
chromatography .- - -The protein txaould .also rfee= used , in standard 
immunoassays to '.screen for the ^presence -iof , antibodieSisto IL_ 
influenza - in a vsample ; ■ j »A ^composition in. ..accordance; .with 
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the present ^irreentionvusef uir <as -an.: .investigational: reagent 
contains -an amountcof -c^ngjxgate; protedn/polypepfcidei, .or. 
oligomer ef feet i vector provide^ the information: or analysis 
sought •M vTheadetermination^ of the: amountnjiecessary to 
accomplish: avparticularrreseai^t^oaladepera upon; the 
specific type :q£vinvestigatdon^anviolved: and is' readily 
within the routine skills of x one engaged in: such research^ 
once given the teachings contained herein. 

It cisr; to -be understood! tharbv the., application of ±he 
teachings of thdr present rinventionj to a specific problefe or 
environment will ±>e: wifchinathe^capabi-lritiesi of; one having 
ordinary skill -in : the t;artridnj;ldgh^ 

contained herein. : c Examples^ of the products of _the present 
invention andoprocesses- « for their preparation and use> ^ 
appear in thee following. :examplesv^: ^; v j r ^ ;.r 

- - ^>r- EXAMPLE u: :n; .:v; 

Preparation.:of Synthetic PRE .Ol igosaccharide- 

The preparation: of r±he ^ synthetic PRP ■ r * ' 
oligosaccharides of the- invention is^ illustrated- as< rv j 
described-herein and as shown- in the reaction schemes »•,. ' 
outlined in Tables lr3. m ( ..v i!<. t -- 

Methyl 5-0-allyl-2 , 3-O-isopropylidene-beta-D- 
iu : ;ribofuranoside (Compound 2) 



WO'94/00149 



r •PGT/US93/06016 



- 56 - 



• :A solutiohc of : methyl^-2 >^*0-i<sopMpyl : ixien^te1:afT-OT- 
ribofttranosidgrrtggTWP"™ 1 ^' a 'V 50i.t0j.g)V< N^imefchylg £ toxsmamide 
^sorml^andepoi^^edcs^^ waiarcury 
stirred^vhile^aaiyl? broroidei^tSO.^ml^wasriaaded dropwise; 
After 2lr; the- excess allyl Jwseaci^wasatfewtJssyea by addi- 
tion- of aetha«bil (^.^.%vaikft^MW^in ;tttf - ,4Mr another 
hour, the mixture \sas- partitioned- between* water awda c-, 
toluene". '.:>■-. The organic phase • was; vashed- wfctte water-;*- dried 
with- 1 magnesium sulfate, and concentrated. Barium carbonate 
(250 rag) was added and the oil was distilled at 90-95 *C, 
o;75 mm Hg. -The yield of* compound • 2" was^ approximately 90%. 
■■ .• • .-.n«.v .:. : . 'Ci'-'iac-i iOH!':T..ar-vr+-.rj!. cv J.~£*-* v. ' > < v.o...- ; 

• . • < ryi-.f-' : • •' i;".:;:h." •■jLEiC'., .' 

5-0- allyl-2,3,4-tri-0-benzyl-D-ribitol (Compound 3) 

- - Methylo. 5-o-allyl~2 ., SMD^-isopropyltidenevbeta^I^ - • 
ribofuranoside: ( Compound jS^^l.i&^HdTi aqueous formic, acid 
(25 ml') was. heated^-OT iancioii bath'at- 'loa'Crfor' 10 hrs and 
was then concentrated . and coevaporated >twice~ withi water . 
The obtained syrupy-'' material-; consisting mainlyro'f:x 1 s»-o- 
allyT-D-ritoose and^rasiduaQ. formic acidy*was. dissolved in 
waters (2 5 ml), and ^ the pH< was ad jested -to' '7^ with ' aqueous 
ammoniac sodium^ borohydride 1 '<{i0.<5" g) 1 was 'added, and the 
mixture - was stirred f or~ 3hptWen:; adjusted/ to^pH '7 with 
acetic acid ; ' and - concentrated ; -After three co-- ■'■ j - j 
concentrations , with acetic acid-methanol = (1:1)' antf-towov co- 
concentrations witfr methanol , the residue was- dissolved in 
water" (50 mr) > and the solution was slowly passed through a 
column of Dowex-50Wx2 (H+ form, 50-100 mesh, 2x20 cm) ion 
exchange - resin. Th eluate; Consisting mainly' of jS*©* 
allyl-D-ribitol, was • concentrated , taken up in pyridine, 
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concentrated, and taken up again in pyridine (25 ml). 
TriphenyliDethytechlorideo^cO ag): xwasuadded, randcthe : mixture 
was -stirred at "room temperature i^f o£^i6h?Ltthen jjnettaanolr. 
( 2 -. 0 ;ml )c;was^ added Af terol&smra was 
part it ionede between cdic&lo^ waterr v cThex organic 

layer was -washed > with water ;resiilf uriic i acid ? randeargueousc 
sodium hydrogen i:oarbonarte>i dried ' (magnesium ssulf ate ^ and 
concentratedver^Bhenresidne wasxdissolvedc&n^ 
f ormamidec ( 25 Kmfc) up The soluticmr-wasxstirxeduwhile^powd 
sodium hydroxide ('2.5~\g) uvaser atMed^af oirlowed fby ibenzylras 
chloride ( 4.40 ;ml;ruiropwise) t ?Af terr>2 chours 7 r methanol co- 
(5 ml ) vas r added , t 'and a f tex? il&tatiiit f the amixture (was res x aue 
partitioned between toluene 'andnwater. ■ ,ThexorganiGx;layer 
was washed * witht?water ^.and - coneerttrated^ir Therresidue j was < ; 
dissolved in> 90*^queous>a:cetio^acide(50 ml) ^and heated* to 
100 W C for 2hy then jccmoentrate<4eandnco-concentrateduWith 
toluene*. The iresidueywasupurif ied sby ^chromatography oncer 
silica gel. The^compouhdawas elated s"with*;toluene methyl 
acetate: 9:1. The yield of syrupy » C6mpoundc3rwast;48*s^nv 

--; V vn-: •■>■!. ■;:,.! • v?.- <:*s 3-2-0 • ^oi uen^~ at.nY.1 accrr:.3 

--Methyl ^5-0-benzyl-2^3r^isopropylideneH3etarc' * n^s- 
fDrribofuranoside ^Compound e4) l\ ».? ^ 
■ * f ■■. " ur r-v i. f;n.;.iFDA^xt;^ :■ mo^n a\'\c :- '^;,.u'r>aa ; Xuu 'mcp 

- A solutionxoftnmethyl^ , 3rQT?isopropylidenenbetarDx 
ribofuranoside (Compound ;1> 50 eg) >: N^Nrjdimethyloformamide 
(250 ml)) / and powdered jsodium -hydroxides (5Qug) was stirred 
while^benzyl chloride {64 ml); was wadded dropwise. - r After 
2h, the excess -of benzyl; chloride was destroyed by addition 
of methanol (SO.ml)' . 1 After rbei-ngrstirredr for < anotherr hour , 
the mixtur rwas partitioned between .water :andrtQluene;.^ The 
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organic :phase<was. cashed -with -water,. L dried ...with -magnesium 
sulfate,,, and- cpncentrated. ^.Barium ca.xtoonate^U50.,mg) i was 
added and the oil. was. distilled at ull5-T.120.ic>. 0* 4 mm .Hg. 
The yield of Compound . 4 was , APP^ximately ..9.0.% . w 

Methyl 5^0r-benzyl:^2 ,3-^ - 
,p-ribofuraposide ; (Compound 5) . 

A solution of mejthyl 5-0-benzyl-2„ 3-0- ' 
isoprppylidene-beta-D-ribo.f uraiiQside (Compound .4 ., 23 g) in 
95:5 formic ac.idrwa.ter -(.200 >ml)i 1 was. ; kept..at,.xporo 
temperature^ f pr 30 min,. then cooled . in ice,. The cooled 
solution was poured into a vigorously stirred mixture of 
crushed ice, aqueous sodium hydroxide (24*!.^ ?in t 2000 .ml).^. 
and dichloromethane (1000 ml;) . .The mixture was shaken well 
in a separatory funnel, the organic, Aayer. was separated , 
and the aqueous layer.,was .extracted -four times c with 500 ml 
portions of dichloromethane. The combined .organic, : 
extracts, containing , mainly, methyl, S-p-benzyfcrbeta-D- mv 
ribofuranpside^were: concentrated. ... Dry. pyridine ., (50 ml), was 
added, the mixture was concentrated.,, then dry pyridine ite 
(150 ml) was added, again.. The mixture was. cooled in ; . ice. c : 
while benzoyl, chloride (34 ml) was added Kiropwis.e. The 
mixture was, further- ■ stirred, at room . temper aturjsj - overnight , 
then water c ( 2 ml) was added to destroy , excess, benzoyl > 
chloride. . The mixture was then partitioned "between water 
(1000 ml) and dichloromethane,. (500 t ml.)>. .The organic layer 
was washed, with 2 M .aqueous .sulfuric, acid,, then with..! M - 
aqueous sodium hydrogen carbonate. Concentration .yielded a 
syrup, which, was purif ied : ,on a .column of>,silicargel. The 
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fractions containing- pure ^a^f r ial J*ere pooled and 
concentrated. c The material . could be crystallized from 
methanol- rin- the- ,cold T: mp^68-69'C. The yield of Compound 5 
was 22-41% . Ths^ some starting 

material (Compound 4) in pure form (5-20%). M w 



-v,3-G-allyi«5^0^^zy.l-3 r ,,2-O-metho^benzyiidene- 
alpha-D-ribofuranose (6) 

A: solution pf? hydrogen brpmide in dichlorometharie 
wad >preparech fl^anixi^ 150 ml) , methanol*' 

(3/0 ml) /-and : aaety In bromide (6.0 ml). Then methyl 2,3-di- 
0-tienzoyl>-5^0T-benzy:l-be;ta (Compound 5, 

4 . 62 g)« was added, ,and, .tfte ji-xture was stirred at room 
temperature for 30 min,,, Ha^ter.which the mixture, coritaiiS- rt 
ing mainly 2 , S^di-Q^benzoylrS-p-be^ ? -'--r-r rar-o' . 

ribofuranosyl- bromide, was cooled in ice while cbilldine 
(25 ml>'Was added dropwise with stirring, followed "By 
methanol M0 ml) . The, mixtujre was further stirred tor 3h 
at room temperature, then .washed with water, * concentrated, 
and co-concentrated -with methanol. The residue, containing 
mainly 3-0-benzoyl^5TpTbenzyX-^ 2-0-methoxybenzyiidene- i:r ^ 
alpha-D-ribofuranose, was dissolved in methanol (50 ml) , ' j 
and a solution of -sodium methoxide in methanol (0.5 M, 
20 ml) was added. After 2h at ropip temperature, the ! 
mixture was neutralized by. addition of C0 2 (s) , then 
concentrated and . cor-concentrated once with N,N- 
• dimethyl formamide^,.. Theses JLdue was dissolved in N,N-" A 
dimethy If ormamide ,(50,50.^ ^nd stirred at room ' temperature 5 
while powdered sodium hydrqxide, (3 . 0 g) was added, followed 
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by allyl bromide^ (3.0 -ml) . ^Afiterelh/^tbe mixture ;?was ilt 
partitioned; between j waiter and tolsene, the organic layer 
was -washed, ; yith n vater^ and cpnaeptsafced * sThepresidtteuWjas ^ 
purified byach^^mafepgr^phy ^LOm:SilioaBgel^using toluene- 
ethyl acetate-pyridine (90:10:1) as the eluant. The ap- 
propriate ^fractions were-pooledvandpcoHcentratedatosgive - 
Compound ,6 - (1 . 90, ,g* 48%) . as a colprless nsyrup . 

1 •■■*■•■ ui : v-». ,\ ■/ ■£ f - -.x eaten vxcu .'pho.sp.uojx.vc «.c^.?.c: ano 
2 , 3 ,4-fcri-0-benzyl-l^©^ '- 
ribof uranosy 1 ).-5rO-mpnpmetbQxytrity 1-Drrihitol ^ Compound 7..)_ 

Glvcosidation Method A 

Compound- 6c £4. 0; g) cwascdissolvediin .trimethylsilyl 
chloride (20 ml);*- j_Af terii20nmin-icati:rpomc;temperafeure > the 
solution was concentrated, then co-concentrated with dry 
dichloromethane. The residue was dissolved in dry 
dichloromethane^ (?5 ml) qont^ining u powder?do4AvJnolee:ulaa&. 
sieves, -(.5;„0 g) *and Compound 3 , (4 y6. ; g):eriThe mixture was 
stirred jat room temper ature„coyernight>; p. :'Ehe mixturecwas: 
filtered and concentrated. The residue was purified by 
column chromatography (toluene-ethyl acetate 15:1 as 
eluant) and then taken up in 0,i04MrimethanoliC" sodium 
methoxide^(SOrml)^ After l^hr at room- temperature, the - 
mixture was neutralized by addition of C0 2 (s) , then 
concentrated and co-concentrated once with N,N- 
d imethy 1 f ormamide . The -res idue was - dissolved in : N ,;N- • a 
dimethyl f ormamide ( 50 -ml) . and st irred cat < ,room c temperature 
while powdered so4ium : hydrpxide\ (3 ^pog) x-was added, followed 
by benzyl chloride (3.0 ml). After lh, the mixture was 
partitioned between water and toluene, and the organic 
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layer wasisrash^ The residue 

was purified by* chromatographyvton* -as shprta column; of osili.ca 
gel using toluene-ethyl acetate (9:1) as eluant. The frac- 
tions containing 5-.OTaliyl?^ 

allyl-2 , S-dd-Or^enzyfel^te^ >^ ere 
pooled and ^concentrated .z -The, ccesidue: ^a^.Aissolveckinrr^a 
30 M2 : 4 ethane! ^toluene^water .(7,5 .ml):^ and the solution was 
ref luxed in theipresence lof^wrien i.j tcuue^ff'-r. L""» r : 
tris (triphenylplkwphi^^ ) chloride 2 0G ; nig) untiir 

thin-layer chrcmatography> showed complete conversipn;.;,, The 
mixture was ^concentrated; and .taken: up i*i jLC.etiiQ::^c,i<i-water 
(30ml, «9i:l by volume) and the mixture was heated to 80 *C 
for 1 hour, concentrated and the residue was partitioned 
between diethyl ether and water r drMd, fand :; concentrated 
The residue, containing mainly 2,3,4-tri-0-benzyl-l-0-(2,5- 
di-o-benzyl-beta-D-ribo£ttranosyl) ^D-rribitol> = was? taken^-upr 
in dry pyridine (50 ml) -.p and-xmonomethoxytrityl ^chloride 
(3.5 gy was- added The mixture ;was stirred -overnight:, then 
methanol ^was added to xdestroy cthe .excess rchloride : .After 
3 0 min, the mixture was partitioned >.etweenrd:ichlo^p^t^^ne 
and water, then washed with aqueous sulfuric .acid. and: , : 
aqueous sodium-bicarbonate,,, dried, and concentrated. ; - The 
residue was ^purified by chromatography , on a column* pfei - 
silica gel usingrtoluene-ethyl ^cetate;r:(9: 

pyridine) *<as eluant. ,x The -appropriate fractions, >rere ^pooled 
and ^concentrated . to give Compound 7 -(4 ; 9 v g,, 50%/, r calculated, 
from 6) -as a colorless syrup, t.^ ^ . ^ < 

Glvcosidation* .Method B ^ -i* .".-..jl*/v-.-* i. ■■ 

s , . compounds .3 • (4.6 g) and 6w,(4.0 g) -were ;dissplvedrin . 
drynitr methane- (60 ml).. Methanol was.. removed ;by* 
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continuous <Ustill ation ^- ^ 

addit-iofb^-cnd^Wthane.-vuntilv thim-layer* chreanatography-- 1 . , 
showed complete transesterification of Compound 6. Mercury 
(II) bromide (500 mg) was added, and solvent was distilled 
of f at cgn^w^wlui^wife of 
nitromethane unt ia. r thin- layer- ^Airpmat^rapteys showed: :*h*xeo 
formation of, ,a ; -new:r:productx>a^he-miJCbur^j.:wasnpurif ied .byuioi 
chromatography ,and ^treated, further, afcdBscrifced£«nd«r : .sjuu a j 
method A abftve.vai<t -cuiai-su vy .fjj.-fes-sj.r19 .^v ^.Laan 

■ ■:• ..••.r.cbsi v.&i ; V i. Ml ,'. •..(..;. .--iv. . r;i>-V. : , .dt,-. ; . anc 
2 , 3 , 4^tri-0-ben»ii-i-OT (.2., 5-di-0-benzylrhetaTD«fi -v.-^ 
ribofuranosyl) ^ST^monbmethoKytr^^ f iie cap 

phosphorate (Compound 8), "^« v "s«'ils.^^uqn c^oj 

Compound 7 (4.9 g) was taken up in dry pyridine, 
and concentrated to dryness , tthen taken up in pyridine (20 
ml) and added to a solution of phosphonic acid (4.1 g) in 
pyridine (20ml) . r5>5rduoei^yi-2^oxo^2-Ghlor©crl ) i3><2r- 05 
dioxaphosphpr inane-. (5 ..Q, g). was>add.ed>a u JJhen,. thin-layer 
chromatography showed complete cony^rsiLoni 1 M aqueous 
tr iethy lammonium bicarbonate . ( 5 ; . ml ) - was., added , and ; the „, t 
mixture was-, partitioned between dichXor^netha9en-.<-20prP^ine 
and 0.5 M aqueous triethylammonium bicarbonate (130 ml). 
The organic layer was concentrated, and the residue was 
purified by chromatography on a short column of silica gel 
using a stepwise gradient, of methano^ine dichloromethane 
(0-20%, containing 1% pyridine), .as ^luant. ^iThe yield. ^f. 
amorphous Compound 8. was 80-t90%.....;i. -i-i.< ^r. 

2 , 2-Diethoxyethyl 2,, 5-di^O-ben.zyl-rbeta^.Rrr ibof uranosideo z 
(Compound 9,,,p=.l, R3=ethyl) ( =•.•■= x? ww. ^ ; 
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A t mixt^e of i- Compound: : 6 t43*i0r^ 
chloride ^15 >^1^^ ^20> J0±n^,r 

then concentrated,, ; and ccprcpnce.ntrated ;wifch: idary ^xet- B 
dichloromethane. The residue was mixed with glycolaldehyde 
diethylacet%^ g) , powdered 4 A molecular sieves (3.0 
g) , and dry diehlo?pmethanevi(^ aturoom 
temper^iire^overnight , : /Uieo^Ciifeered and concentrated. The 
residue was taken up in 0.04H methanolic sodium methoxide 
(25 ml) .:,. After 1 hr. at room temperature, the mixture was 
neutralized by : addition rof JGQ2 («):.i;then f coBc^ntrated aond-co- 
concentrated qnqe with ^ r ll-*4ijc^t&y The v-residue 

was dissolved in ; N,Mr&i^^ and stirred 

at room temperature while powdered sodium hydroxide (3.0 g) 
was added, followed by benzyl chloride (3.0 ml). When TLC 
indicated >cqmplete : conversion, methanol (2 ml) was added, 
and after 15 min. the mixture was.rpar£itAoned;i between water 
and toluene,,, the organic layer. : was gashed twifch water \ajidce 
concentrated. The u residue / WML purified vb^ chromatography 
on a short column of. silica; jgei casing.: toluenerethyl,facetafce 
(8:2) as eluant. r The. appsop-ciateii fractions were* collected, 
and concentrated, r . then ,taken up in ,30^ 12 : 4 cethanolr-toluene- 
water (50, ml) , and M the sol3ltion^was^ jreCluxed in the pres- 
ence of tris(triphenylphosphine) rhodium (I) chloride (100 mg) 
until thin^layer chromatography showed complete conversion. 
The mixture was then diluted ; w ( ith.i<iichloromethanev , washed 
with saturated aqueous potassium chloride, and 
concentrated. The residue was .dissolved dn : 10: 1; *acetone- 
water (20 mlj ,., <and u mercuric t oxide (2,. 0 gj _ fpJaLowed;.by 
mercuric chloridje, (2.0 a g), was added. u After.ustirrang at c: 
room, temperature for 30 min. r .th^. splidsj ,yere removed-. by i.nt 
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filtration,- and the- filtrate was part it ioned .^between ... 
diethyl ether -and -watery washed vith^aqueous potassium 
iodide, dried, and concentrated.^ - Purif ication- on- a vshort 
silica gel column, wirt^-'toliiene^ethyta.'acetatei ^ 2^*s 
eluartt, gave syrupy ^Compound : The yield was- 60*65%-* 

2- [ 2- (benzyloxycarbonylamido):ethoxy ] ethyl 2 , 5-di-O-benzyl- 
beta-D-ribofuranoside< (Compound *X,f -p^^tt^ --NHCOOBn) ™ 



chloride (15 ml^ 'Was^ kept at room temperature- f or- 20 min. , 
then concentrated^ -and co-concentrate* */ith dry ^ t -~'- m 
dichloromethane. The residue- vas -mixed •with-2-[2- •** 
(benzyloxycarbonylamidojethoxyjethanol (1.5 g) , powdered 4 
A molecular sieves- • (3 . 0 g) -y <and dry dichloromethane; -<*£r -ml') 
and was stirreU at room temperature overnight^ then - 
filtered an* concentrated. The residue was taken up-> in 
0 . 04M methanol ic sodium methoxide (25 mU)^~ Af ter It hr . *t 
room temperature y the mixture, was neutralized by ^addition 
of C0 2 (s) , then concentrated^. and- co-eoncentrated^noe^with- 
N,N-dimethylformamide. .The residue was dissolved in N/N- 
dimethylf ormamide (20 ml) and stirred at room temperature 
while freshly prepared silver oxide (3.0 g) was added, fol- 
lowed by benzyl bromide (3.0 ml)/- When thin flayer •• 
chromatography indicated complete conversion, the mixture 
was filtered. The filtrate-was- partitioned between water 
and toluene, the organic layer was washed with water -and 
aqueous sodium thiosulfate, and concentrated.- -The residue 
was pufifi d by chromatography • on a short column of silica 
gel using toluene-ethyl- acetate ( e : 2,K as^ eluant . The ap- 
propriate fractions were collected and 'concentrated, then 
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T£T < ^ *&\c«tic acid 

syrupy -Co^na • a fte^aW&^rip h ic^ r i fi . aUon was 

----- v ov ur^n^raTvrvc :-ivL<; oii.^uciecsii c-j.b... !';;mc: i?~ n 

ribofuranosidet •( ; Cfe5npou-nd 11, p = i, R 4 = N;j) 

A mixture of Compound 6 (2.0 g, and trimethylsilyl 
chlorxde (15 ml, was Kept at -room temperature for 20 min 
then concentrated, and co-concentrated with dry 
dichloromethane. 

azidoethoxy,ethanol (2.0 g, , powdered 4 A ffi£Jlecular ^ 
(3.0 g), and dry dichloromethane (is ml, and was stirred at 
room temperature i^eriixght, ^hW^ffiereW ^concentrated 
The residue ^ s taken - up . in ^oW^no^ ^sodS" 
methoxide ;(2 5 -mir.- toer^f h^f^ ^^mp^rature, th* 
mixture ^fi^^i^W^it^ dr C0,(s) ' then 
concentrated and^co'-concentr^ateoV' once with N n-^ *"°* n ' 
damethylformattideca.^:.^^^ Wa^issol^d'tn Tv-^' 
dimethylforma ft ide- ? 20 mif and stirrer at room lemperature 
,Vhxle,powcie^d sodi^ hydroxide (3.0 gf was add^ follow d 
by benzyl Chloride •( 3 iW^^wc^jr ia^er " ' 
chromatograph^ndica^ed (2 
ml, was„added,: and afters min. the mixture was 
partitioned between water and toluene, the organic layer 
was washed with water ahd> concentrated/ * The residue wis 
purxfxed by cl^oaatograijhir b^ a^ort ta^olTili'ca *«V 
using tolue„ fe .ethyl^acetaW^ W as elua ^ " The approS- 
ate fraction, were collected' a^oncenirateo^ then^rtated 
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with, acetic acid ('G.4ml)• r •'^ioxane-■fl4lal> i • i and"•seleniu» :, 
dioxide :<0.57g) -atyref lux -for i '40^*iriv - The mixture -was -'- 
filtered and-concentratdd. -^he iyieHMPof -syrupy PedmpbuTid 11 
after -chromatograhic purification was 50%. 



2 , 2-Diethoxyethyl 2 , 5-di-0^ben^l^eta^l5^i«tffurah68iae 3- 
H-phosphonate (Compound-;10; p : - ir l» R 3 »ethyi : )" r 1 CJ:V i: - : 

•Compound rg was ' treated 'with^-pftosphorilys ^eia^and 
condensing reagent essentially as described or - 5 the 
preparation -©£ /compound -8 --.tecMgiv* H^rpfeouW^Co^p^und^O.^ 
(67%)-. •-■ ■< - •-■'"^ ;:ewowr v/are djsc 

• •• -i.-J.i-. -J.C .V OOID. "«f UifKS/. aUti e. . » Ui'xs 

2- [ 2- (benzyloxycarbonylamido) ethoxy Jethyl 2 > S-di'-O-benayl- 
beta-D-ribof uranoside 3-H-phospTSonate fGompound 12 -; u p' = «• 1 , 
R 4 = NHCOOBn) ' ■'• - ••- ' ^ h ; 5 - : ---'C" i'u.r.7 

( - ■ <.u;.v ! v W v'.~. cv' ■.. - i'*.;.*- 

Cdmpound 11 was -treated >with phosphoriic acid -atid - u 
condensing reagent essentially -as diescrfbeid for the 
preparation of Compound 8 to give amorphous Compound 12 
(75%). -"' " — — — — 

2-(2-Azidoethoxy)ethyl 2v5-di-0-ben2yl-beta*D- J r: 
ribof uranoside 3-H-phosphOnate (COmpourKrT.2 :p p = 1,- R 4 = 

Compound <11 was treated with ^ phosphohic i? acid "and ' 
condensing reagismtr essentially as described for the 
preparation of Compound 8 to give amorphous Compound 12 
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Solid r.phase-svnth3isist - chal^ 1 i^it;iatri6Ti , i: - :o/: 

1 - l. ~< rpreparation S^iidGtnate^of 1 Goiapound 7 

..^^ ^ia-:soluti^ri.-o^€6^ T^Ttool-F^in^ dry' :> 
pyridine^(2 5» mr)cctJontaining ^^llHten5hyra«£nopyridin6" ; ^ 
nmtol)) was cadded jducei-ni6'will^r-ia^ x ^£S > - iBS63?) ? L :c After stir- 
ring overnight water ' '( O. Sml^ 1 kidded; - Aft^t 3-hrs.- L th6 G 
mixture was partitioned ^bet^^en^ 1 : l^toluene-fethyl acetate 
and aqueous cphosphate buffer ?v(pH 6.5> J- fi The~o*ganifc ladfdt 1 
was washed with buffer, and concentrated. The obtained 3- 
succinate of 7 was dried in vacuum over phosphorous 
pentoxide. :: i n:i,i.. f 

2. - ^CoUplihg o£ Jtlie^^ phase 

The succinate obtained ^abo^ve ^'flO Equivalents - n 6ver 
the 'resin amino ^group lf content) - was disso-lvted in - 
dichloromethane (5 : ml/g) and: mixed with a solution of : 
dicyclohexylcarbodiimide -f5 equivalents over the rfesin 
amino group content) ' in- a sm^il-vorume 6f didhlordmethine. 
The mixture was stirred for *15 min. at room temperature, 
then concentrated. The residue was dissolved in N,N- 
dimethylformamide (5 ml/g) and the 1 'solution was filtered, v 
then added to Merrif ield-type^ami^ 

with N,N-dimethylformamide) After 6 h, the resin was ■- 
washed with N^^dimethyl^ormamide, then with pyridine. The 
resin was~ treated with 9:1 pyridine-acetic anhydride for 2 
hr . , washed with pyridine, the^ waslied-with : " r * 
dichloromethane. Thfe degree of functional ization was ' 
determined by treating a dried and "Weighed* amount of resin 
with 0.5% trif luoroacetic acid in 1, 2-dichloroethane, and 
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estimating theatrityl cation, content : dnc, the . supernatant by 
spectropfiotoTOl^#4^ 

g- " ! ~* ' 

finTid phase synthe sis; chain elongation cycle 

The solid-phase synthetic operations were carried 
out in a semi-automated apparatus, consisting of a reaction 
vessel with a glass filter bottom, agitation device (small 
scale batches were agitated by pressing dry nitrogen 
through the bottom "f ilter) : liquidiOUt*ets3(bottom) , and 
liquid inlet X^t^^^^^^ 1 ^^ 4 ^^ vessel 
through the bottom filter by suction, and added at the top 
by pressing with -hit rogenxfrom mother vessels?.- -through teflon 
tubing. ' ^ • "'^ :•' "^^^^ 

-1. Trityl"deprotection- .l^. j . „u.u- : 

The resin was treated with a 0*5% solution of iaea 
trif luoroacetic-acid in dichloromethane until-«io- fflorei 
trityl cation -was^reieased; -(as- determined en a- ~c ' :.r.<- sur 
spectrophotometracally) ; then the resin was -washed withi 
dichloromethane* .followed by ; 4: 1 dichlbromethane-pyridine. 



■ -:.U« ^ ie vt. 

2. Coupling" ; r '"-'- :;i -" J -' •■'■• v ' r '- - : 



Pivaloyl^chloride (4 equivalents over the -resin 
hydroxy! -groups) " in- dichloromethane -{2ml/mmoli:. chloride )- 
was added to a solution of compound 8 . ( ^equivalents^ in 
4:1 dichloromethane-pyriddne <8ml/mmol. chloride) . After 2 
min., the mixture ^was- added to th© vresinv: ^ Agitation was 
continued for 10 min, then th& resin was washed^ with, 



I 
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successively^ -pyridine -and -4:1' dichlorbmethane pyridine and 
dichlbromethane^ The yield ■ : "lh"ia^ !: feoagHng- : -it«p :i Wa*' 5 *t%5- 
99%, c "as-'^teiianaa^spec^tophbto^tfailly^By the a ambuwfc'fef 
the "released' trityl catibn ::; ih~the deprotection step. 

Chain Termination :ir Koaoctoniu. &f«cuKKU«s -una* 

" De'trity'lated' >iiiiIfl^a s trea^M' as-uiiaef^'ta) but 
with; compound- 9-bi?Pii: : instead 6f«-*V^^ .^i^islLc-at cypc r» 

oxidation " ^ l ^ ™ ^'^^ " 

The resin was treated with i^Sfeshiy 6 prepared ^1%^' 

solution of iodine ~ in ; 98% l -a^aohi u j?yt4Sine^ibS: ^'■ i Sfim^- t -\ 

then washed withV ^succesisivelyv- pyridine 6hd u - 

dit*torcmalhan^^ -^ ( - ^ ri:cr ' 

-,rrv-v u^^.r^j^. - . .::.«'>..' ;* 

Removal from resari >-'Ven ^inarea a::*j> r ; 

The resin was n treated^ with 1 sodiufii ' methoxide- rrl? - 

dioxane-methanbl ( 0 , 05M) f 6r ? 16 -hburs -at- Zoom?' temperature , 

acetic acid was' added, and th^'' : ai«ure^wa^ Wen-- Silfeaittr • 

and the filtraWwas concentrated: Th^ residue > according 

to NMR analysis, contained 1 ' ; cbfepoun&' 7 l^'^Ti^ro^was used for 

chain termination) ^br is was iised-f or' chain 1 1 1 3 

termination), together tfith^impur^^ vA '^ { 

Deprotection r - *' ^ l " 

1 . 1 1 Conversion of Compbuhd 1 13 ' tb^ CbmpbiiWd 14 

*" The 'material that was removed from the resin as- 
describ d above was dissolved in 1: 2 : : 2 ethylacctate- 
ethanol -water (0.1 ml/ing r ihateiriiii ) containing acetic acM ;,i 
(0.3%) , arid 10% Fd/C (0. B-a^mg/mg material) was added: The 
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mixture was hydrogenated at .60 -C and. atmospheric; pressure 
overnight ; then -if liter ed>- adjusted . to. pH.,7 >: and, 
concentrated. " The^residue: was- partitioned between diethyl 
ether and water v* The. aqueousn layer : was .separated and, 
concentrated . The .residue was, taken up in 50%. aqueous 
trifludroacetic acldaat 0-€. ;:Afterc4,h, the mixture^ was; 
neutralized at CK-C with ammonia to.pH 7,uthen the mixture 
was concentrated to a volume- of approximately^!©, mg/ml , and 
applied to-a column, of- Fractogel TSR.HW-50 , - packed -and ^ 
eluted with lOmM? ammonium bicarbonate. buffer, pH6.2. The 
appropriate fractions were collected, concentrated, and 
redissolved in water: %&.*:vfc/mg\ material);; ;.Ihisi;solution 
was slowly passed' through a column of Dowex-5a x 8, (Naa-.. : 
form, packed- and eluted with water).. The appropriate 
fractions-- were collected and lyophilized. • NMR- spectroscopy 
in D 2 0 solution showed^ inter aljay signals , from the . 
anomeric protons inrthe region 4.9-5.1 ppm and signals from 
the spacer unit4;( aldehyde proton, dihydrate -form) -at .5.1- 
5.2 ppm. The amount of successful coupling cycles (that 
is, the value of -n in formula. for Compound 14) was verified 
by integration over the anomeric signals and the ^spacer^ 
signals, respectively. - i. 

2. conversion of Compound 15 ^to Compound 16 

The material that was removed from the. resin was 
treated essentially as described above for conversion of 
Compound 13 to 14, except, that the trifluoroacetic acid 
treatment was -omitted,. NMR spectroscopy, in D 2 0 solution of 
the lyophilized product showed, inter alia,, signals from 
the anomeric protons in the region 4.9-5. 1 .ppm .and signals 
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from the spacer r?f ttnit r ~{CH2N : ' tripT£t^ iT at rJ 3v2 ^ppnt^-Tlie -amount 
of successful ^coupling <:ycl%s ' (that is J the vafriS^of n in 
the 'formula or^ Compound- -Iff^-^rSs 3 - vferl'f ied x by' ihtegf atibfF 
over the anomeric ^ligna^- a^a th r ^ r spacer ^signals , ; r 
respectively.^ 'The^uri^idation of l4 a ahd ;l i6 v couid r also be 
effected by pr^a^tlve' «Pl£ r ^ 

aqueous triethy-Ii^bhium 7 acetate 0 tpfts^ 3 y e i?$tS' : '2rS% " : " 
acetbnitrite'W^^^aht. " * w - r - ' c ^ x ri:< 

■ i' r{\ ; * i £ '2 .• '■;i' i,H lOT;.V' HC ! ZO .L^ t r JT';0. J. -N^ <- ' tr * - 

>-> ■ EXAMPLE C 2° ^ticr^^ . 

■ .*»•'■:.. ■r^.vT^r^r :^t:cr vrrs^enci?- h: in"*- 
^ ' - : ^ Purification of an Hib Adhefdin- ec ^ - : < :c 

Bacteria were grown 24 fi ih defined ^iedia ^ r an"d ^ " J 0 
labeled metabolifcally* with J 35 S^methidriirie*; -eelis 3 were 1 - ^ 
harvested and washed by cehtrlfugaticSn three ^ime& iif^^ 
saline and -suspended ih ap|>roximat&^ mM Hep^s r 

buffer, pH 7-: 47"- and chilled ^ft e iee^ 

si on was then sonicated oh ice 6 -tiAes- ; f of 3d ■ s6bonds each 
at a setting of 4 " oil & 1 Brorison -s ohicator J " The ' sonic* ? ;r 
extract^ was centrSf uged r at -lO-, 000- x x tijf for 10*mihV at 4-* C, 
and the resulting * outer ~membrah£ protein r (OMP^ ! pellet was 
stored until use in Hepesbuf f er containing pfbtease > 
inhibitors^<PIC-I- &: PIC II) i " 

OMPs were next <centr if uged -at- IdO/dOO l x g ; f of c 30' A : 
min. at 4* C and the resulting pellet was suspended in 4 ml 
of 10 mM Hepes , *pH< 8 • 0 ; j containing- i ."3 % 4 octyl- :: 1 " cr: n " 
glucopyrahoside- (Sigma) ; sonicated 5 miii.- l / : and 1 incubated at 
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room temperature r^Eoi? • 3 0 *mim' tfhe resulting, solubilized 
OMPs were centrifuged =agaiw- at^lOO^oo re gs f ca^ 3© min. at 
4' c; arid- the supernatant- contaiTiing^artially purified : 
adhesin was decanted: and -«avediperjiatia^:c -i::..- : - -r.:: • • 
..... • •. t)C woaraoi'caat ,« Wds ;.;spar.iuaa ».h.- £;L'*~>-'A-.;u -"vei 

- ■ The- adhesiw was-- purified: by: at areceptoi^afif iadtycrtea 
solid phase proceTdtore)as;«:foll-ows\ta ©WKSupernatanti-.was:. . 
diluted 1/10 in 50 mM Tris-HCl, pH 7.8, containing 150 mM 
NaCL and 1% bovine seruw<«atoumiwQ(BSA^ 
receptbr-coated"microtiter^weMs 8 micrograms .: of 
gangliotetraosylceramidei^ell^'whichi had^been previously 

blocked* iwith: ^ BSA>vi_..(»ntrtf l:^eitl 

used. After a 2 h^ incubation at^room temperature, wells 
were washed' 4 1 times with: :col*.'sato«^.Kr.%fciSB^to^dfefiHa#L 
adhesin was eluted by incubatingnfche wells for. .30 miniate* 
37* c with' -o.'cis-'mrTof:ta;0-?a» Tris-HCl,'; pH 7.8, containing 
0.1% SDS which had' 'been previously- rheated to>-60.*-o.G., The- 
SDS'elution buffer nwas -removed -from the swells jmd;<analyzed 
for protein by -SDS^PAGE "and autoradiography..:^, r .n .■- 

Alternatively, the adhesinv^can be purified by: using 
an affinity -chromatography column where .the lipid receptor 
is immobilized onto r an appropriate gel solid .-supportiUJ. u Thei 
sonic extract ^is -loaded on.:the -top of the. gel> and ^the- v 
column is washed to remove unboundu material.. -The .adhesin 
is then eluted with SDS elution ■ buf f er or :a chaotropic . i ^ 
agent, such as NaCl orKSCN, and dialyzed and analyzed by 
SDS-PAGE and autoradiography:. ': •=_■.*■ ,;. : >t. . ":. ;•. 

..... .lu.t-vyuri^Vs'.j.- >!.:■. i'ivss !Ci. -v ;■ ~o 

The molecular weight of the >. purified - adhesimr : . 
protein was det rmined by -SDS^polyacrylamide gel .< 
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electrophoresis mii . Rigure -1, shows^rt^ bSampie analysis, in /the 
following lanes: 1, ^totak pii^ : ^ 

proparftf inn -from Haemophilus ^ infl uenzae .type b stained with 
Coomassie blue;. 2 , ; autoj^adipgraphy ^of . 3 55-i^elqd .total, 
outer membrane pypteiiuy 3, ,aRtpradipgraphy :c pf 3 5Srlabeled 
adhesin -proteini fluted .from :iiuw?bijli^6d xeceptoi%rasialp- 
GMi ; 4 r autoradiography, ,o£ .material .eluded -from immobilized 
globoside, a nonsense gl-ycolipid^ the 
adhesin migrating'. between ;P1 and ,P2 with, a a&olecular. weight 

Of abOUt 41 kD. /:..; .ua-f- ^i=u>~ = *v -i.^ i..-v-^-.e: *.-y 

- • i EXAMPLE 3 ; ^ii- 

Neutralization of Adhesin .Bindin g to Receptor 

BALB Cmice were injected oIP with 10 . micrograms of 
partially purified adhesin protein^(Hi£:OMPs,) in -complete- 
Freunds adjuvant (1:1) • ; After one month, , the jaice . were 
boosted with a f second.\Ip ; < in j ectipn (10 Jt micrograms of r , 
protein) using incomplete : Freunds r adj.uvant followed by a 
third injection 10 days, later*: : - M : - » c ; . 



, ; Antiserum^was . then tested for neutralizing activity 
against 35 S-labeled Hib adhesin in a receptpr r binding -. v 
assay.: In this case, antiserumrand normal mouse serum at 
various dilutions were incubated^ with ,35s-labeled Hib- . t 
adhesin protein for one hour, *t room temperature and then 
added to microtiter wells coated with asialo T £Ml or 
globoside .as.? a negative control . (After incubation pf-the^: 
microtiter plates for 2 hours _ : at room tempera tyre f ,- ir .the 
microtiter wells. were washed, cut from the plates, and 
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radioactivitywas tguantif iied^using a Beta-sscintillat-iori 
counter; The -results *re -shown in Figure -2.^ -The -results- 
show that^theeadhesinJ is-iimunogeT»ic-a*id that- antibodies to 
the adhesin effectively- neutralize the nadhesin'S' receptor 
binding ' activity; dMsapmLLft*- 

• •« - ■■»•■. •;> , PV&li yPTiBu:A. i:i-: k;-.v.r> >.. i^; • -.jj:.c..i. sC^ •'. ■•• ««v 

Identification- and -Cloning of ^ : ! 
an Haemophilus in eiiienza Adhesin - ' 
■ . ■ <r v •■ ■ • •■••••^ iaT^r -.--vr 

1. Membrane -proteins 'binding to receptor. - ^ ' > 
Membrane proteins were prepared as follows. Haemophilus 
influenzae typexb (ATCC 9795) were grown to stationary 
phase, pelleted;- resuspended in saline buffer; and £ - LXLSr 
sonically disrupted. This- material was then- centrlfuged at 
12,000 x g for 15 min; and the -supernatant ^was 'centrifuged 
at 100,000 x g f or 1 h. The resultant? ^pellet corttarined * 
Haemophilus membranes; ^Which were resuspended in- -saline -'and 
tested for adhesin activity as described in Krivan, et alv - 
Proe. Natl- Acad. Sci.. USA , 8 5:6157-6161 -(1988) , 
incorporated herein by reference. Briefly,' membranes were 
prepared from [3 5 S] methionine metabOlically-labeiedi "'Cells 
(1 micro-Ci/ml of media) . Glycol ipids were resuspended in 
chloroform: methanol (1:1, vol: vol) and Serially diluted 
into 96-well microtiter plates; These -plates were allowed ' 
to dry, washed 5 times with Tris/BSA-( 25 mMTris, pH7.5, 1% 
bovine serum albumin) , then 2 X 10 6 CPM of labeled 
membranes were added to each well and incubated at' room' 
temperature • for 2 h. The plates ^were -then washed with " - 
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Tris/BSA 5 times,- .and the andiyidualxwellsrcut out and ^ 
counted on, a scintillation ^counter to'd etermine the amount 
of CPM; bound toueach well. This showed cthat .-.Hi ^membranes 
bound similar oto: Hi -whole ;cells. - - : -:a ^ ..arar- v 
■ \ . " — ■ ' i.*^f:^ asouc 

, 2. vi Product ion;; of monoclonal antii>odies^thatr> vr-rtc 
inhibit adhesion o£rHaemophilus,r\ Balb/c mice were . — 
immunized -with "Pmhranes , f rorov Haemophilus: influenzae type i b 
( ATCC 97 95 } , and their r-sera^was ^tested 5f or - the development 
of antibody v that inhibited .membranes from: binding to . ; 
receptor (Fdgure ^^^V.fvSpleens^from : these mice v were> used to 
isolate splenocytes for fusion . with SP2/o~AG14e(ATCG, GRL 
8287) mouse myeloma cells according-tooHarlowr-etral- >r.v. 
Antibodies r A Lab oratorv^Manual : (Cold Spring Harbor . 
Laboratory, Cold. .Spring. ^Harbor ,.aN¥). l988.Xv .^incorporated 
herein by references Severn hundred and fifty positive 
fusion hybridoma ;: cultures from ^our; separate fusions were 
screened for the production > of ^antibodysthat reacted on 
ELISA with membranes-; The nELISA; was bper formed^ as . follows. 
Membranes containing .1: microgram of ^proteinuwere* used top- 
coat 96-well microtiterc plates ; The coated? wells werero 
washed with PBS (phosphate) buffered- saliney 1Q< jnM/. sodium 
phosphate,: pHi ,7.5 > ^167 mM sodium chloride) >»;,then^ incubated 
with 100 microliters of hybridoma culture, supematantu The 
wells were washed, incubated with > 100 j microliters of 
secondary goat anti-mouse antibody conjugated with 
horseradish peroxidase for 1 h, then bound antibody was 
detected colorimetrically (Biorad) . : Seventyr five membrane- 
reactive ..hybridoma , cultures^ were then tested^ for : the u 
ability to;.inhibit jne^ranerbindingu (Figure 3.). f . iHybridoma 
culture supernatants were incubated, with 4 x.10 6 .CPM of v c. 
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[ 3 5 S ] - methionine labeled - membranes for ^ h at room 
temperature. - This mixture -was ythen added to -serial 
dilutions - of r receptor bound .passively to 96-well microtiter 
plates and^assayed: f or binding o-Two classes ^of -inhibiting 
antibodies were identified; One class /-such as rthe 
antibodies designated HibfcO, completely inhibited ^ binding i y 
and were subsequently r shown to react -with the -~ ^ 

1 ipool igosacchar ide ^component v these c membranes .t - .. j The 1 
second class .of t antibodi€^^su^^sj f ^ose designateduHib30 
and Hib43 , partially inhibited ^binding*- -<-^ -> r - 

3 identif ication of the -putative ^adhesin* The ' 

hybridoma cultures which produced antibodies that partially 
inhibited binding were cloned by limiting dilution to . 
obtain stable cell. lines .according to Harlow, E; and xR. - 
Lane ( 1988 ) "Antibodies : : A Laboratory rManual /" pp; ^139^ 
244, Cold! Spring v Harbor, NY, incorporated herein by 
reference. Large amounts of antibody were produced in the 
ascitis fluid of Balb/c mice,^and.ithe class of each 
antibody was determined according to Harlow et al. The 
antibodies were then used ..on; ^Western >blot. o£ Haemophilus 
membranes and whole cells to identify a potential protein 
adhesin .according to -Harlow ,et ^al . All of these antibodies 
recognized an approximate^ 47 kDa protein, Hin47,* by this 
technique (Figure 4) . Western blot analysis with these 
antibodies according to Harlow et al. allowed further 
characterization of this protein. Several lines of 
evidence suggested that this protein is located on the 
surfac of Haemo philus . as would be expected for: a 
functional, adhesin. First, the ability of whole cells to 
bind the receptor was inhibited by these antibodies in an 
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assay as- described ^ JLnhibition 
but using ; ,cradioJ^bel^i:Wholet-: jaells^ 4 uX«M& ..CEM/wel 1 ) • 
Second , : the #in4ft rjLl & : . dpnunoreaQtiv^rrFrfttein , was degraded 
when, whole -cells were- treated (Figure A) . 

Brief ly:, whole, cellsr were vgrpwn tp stationary .phases ~ 
pelleted by centrifugation (12,000 x g) , and resuspended in 
PBS... „ Serialv ^ K were added to the 

cells and incubated .^pr.:A«ib>an-dCellsi Keren jth^n- mixed .with 
SDS-PAGE .sampleu»tb^ff€^r apcordi^g^ feo^ Laeiwall , Nature 
( London) , .227: 680-685. (19;Z0)r ^incorporated therein; by c 
reference ), ; , ... boiled ,^and separated: <on SDS^PAGE., ; Thi s ..gel 
was then Western^lottedijlbp detect rtt*jBL*M-sen.ae;»f an:uv : 
immunoreactive Hin47c prpteimt;^ 'third, iod inat ed whol e cells 
contained a, raMol^beled^(Hin47; prptedn. that ? could -be 
immunoprecipitated. f rom splvibilized proteins :by- the anti-r • 
adhesin antibodies,*;. Briefly^ whole Haemophilus^ were i grown* - 
to statipnai^^phase :jE and^ pelleted , by .centrifugation . Cells 
were resuspended PBS- and jiodinated^ with rlrpdogen j( Pierce ) 
according to the- manufacturer/ s .^recommendation . ? . :Cells : were 
then solubilized; in; xadio immune; precipitation buf f eir :(RIPA.- 
buffer, 20 rmM Trie* pH^.4 v .150 mM NaCly 1 ^.mM-EDTA, 1% 
Nonidet : J>-40,. :l%rdeoxchplate r 0*1% SDS, f lmM;,PMSF) .^.and then 
incubated; with Gammabind beads (Pharmacia!; rovernight rater 
4°C. The beads . were . then pelleted by ;centrifugation. t; (2000 
x g, 5 min) washed 5 times with PBS; containing 0.05% 
Tween-20, and resuspended in SDS-PAGE sample buffer. This 
sample was then separated by -SDSrPAGE, and the gel was 
dried and autoradiographed. This showed the Hin47 protein 
was acces&ibl.e Jbo ^ iP^ihation^ „=Fqu^h f L .whql 
membranesL thait we?e_e^ 

100 lost this Hin47, imit^npseactive protein. This was 
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performed by taking whole cells or membranes and mixing 
them with the 4et^gent:r~uE^lle1^^:vthe> . : materi.al..r.toy .l.-. .=;usi 
centrifugation>£(A2:^Qft,tX ;^vfo*umembraness a*K*x2.ao.a X^for 
whole cells^^and taktaj^ttfefe r.supernat«A. rrfPhi«raafeeriaXr. 
(pellet and supernatant) .wag,rs.epagat6rd aby ^gOS?.PAGE gel> 
Western blotted*/ and ;the ^presence ^o:i£^^Hi5^^fexprotein: , detected 
with Hib 43 antibody in ^e.±s^ 

• : fv:--:- ira ceo ;K-,j:ti.iJ*...ijy raiv^s ? ncfi.i *EJ*fc- :t ' a^en ,:;v 

( A . : Clonijig, rand.csequencing; « of HjMie gene that a encodes 
the 47 kDa adhesin. Cloning methods cyere^per f ormed by 
standard procedures ..as : de^qribed^vby-^Maniatis et al.^ro 
Molecular Cloning: AvLabo ratorv* Manual- 1 £<3oldvSi>rinq Harbor 
Laboratory, Cold Spring Harbor^ int>j.'X19.8a.);^^inq.o3T?orated!', - 
herein by references Total DNA from Haemophilus i influenzae 
type b strain ATCC ,9795 was isolated jand partially digested 
with the restriction ;en2iymes rEcp <Rl according to the^oruynq 
manuf acturer f s ^recommendations <(Boerhinger.TManheim) t DNA c 
fragments 4tt15 >kbp :in. length :wejre^ isolated t on a o sucrose..: am^u 
gradient and ^igated>.„ta.iEco;/jRa^digestedrIainbda-ZAPII ?arms 
as supplied, by Stratagenev Incvr This ligation wasrthenrcj 
packaged into phage particles and ciised to txa.nfect the 
Escherichia coli host; strain/:. XL- 1l( according iito^Statagene 
protocol) <tto obtain, phage plaques which express:. Haemophilus 
proteins. These plaques^ were used-in an idmmunoblotn screen 
with Hib. ;4 3 using a .Stratagene, Picoblue: detect ion kit ... v 
Positive reacting plaques ^were tpurif ied and. lusedrtor- induce 
the production; of r a plasmid through the userofi. the. .helper 
phage R4 08 (according to 5 tratagene.rprotocol)>w These 
plasmids.^carried tthe Haemophilus insert DNA which encoded 
the Hin47 immunoreactive protein. The restriction map for 
one of these plasmids, designated pMClOl, is shown in 
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Figure 5. All plasmids which -expressed the Hin47 protein 
contained the 10.5 kbp DNA from Hi. The location of the 
gene -&ti&6d§H$^K£s ^<>t€*ib ; -^ 

analysis of pMClOl. Deletion analysis was performed by 
generation of n iti£6lories u bf 1 pMCl bi u Bbntaihihg various 
r^fetf^ioiT £ra^ CStfa€a^gene)^ 
These "subci?6nei are represented -on ' ¥i^f e u 5 r witH an ' '" r • - r 
indication of whether J each ex£re£ses a Hib 43 
immunoreactive protein. The deletion analysis suggested 
that the Hin47 ~wa£ encoded by ^a getiie Witih T was bourided by 
an approximate 'jfei kbase^P^ ^t 

Therefore, -sequ&nSe analysis ; 6f thx£ ^eiitxrei ^region- was 1 ' >rv 
performed : using'the 1 dideoxy doxSble fctifarided^ 'sequencing- 
methods of Sanger et alJ T "Determination of ' 'Nucleotide ; 
Sequences 5 in DNAf w Sciehce l ;t 214:1205-1210 (1981)7 with' * 
Sequeriase® brdftd'of 'DNA polymeriifeeV (US Biddtiemicals) . 
The results of - iihis' analysis are represented in Figures 7 A 
and 7B. An operi u r eaiding f rime- (0RF) : wks identified- which 
would encode an apprbkiiiiat^ 463 
amino acids, located between nucleotide 115 and 1503. 
Analysis of the : l -amirio" adid 'sequence predicted by 1 this bitF * 
indicated that a this protein ^cidnta-ins a 'putativ^'sa'griaT 
sequence of approHmately 2;5 kDa and 25' amino acids. This 
could "result in a matute protein of approximately 47 kDa 
and 438 amino -acids ^as indicated by prior Western blot 
analysis;- -This ORF^was designated hin47 . The expression 
of the Hifi4 1 7"ptotein was similar irrespective of the " : - : : ' tl 
orientation of the gene : with respedt to the beta- - : 

galactosidase promoter contained "in 1 pSK ( <*) s , indicating this 
protein' is expressed' in E : "coll Glider its 6wiV : promoter . 
Membranes of iU col'i clones that expressed this protein 
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were compared; with rthe membranes, of Ej^Cfili; •fcfca&>dia. J iM?t 
express '.-this proteinu^Eigure> 6) . • The^bindingc^aryes.^pr 
both membranesGpreparationsodemonstrate that this protein 
conf ers-upon Ec.r .goli uthe cab414!byv'tOifeindi^^h«3.J».Pept©«x 
with high-iaffinity>:.c4ike HaffiBfiBbliUSaiane . x -srr .i<» i ours. 

Vss H»!« , .-y , e c« gi j. sncr&c wit..o. <iu0 •:;o.i..cnv .•.ozvnj.jio 
5. The':Hin47; adhesin. ifuj^nosftlb. prptsein. A. series 
of major integral wa^movreteimatemib**** characterized 
by severalc invest igatorsc-ieonaaies^efevai;. ,, P infect . Immun. , 
55: 2993-3000 ..(1987) r incorporated;. herein; by* reference) . 
These include. Ply -which/ is approximately .4.3 *&a>j 
which is. approximately i; 18.kDa.r The, Hj.n4 ! 7;. adhesin 
analyzed to insure, that ^.t^wasi not., any. of., these.; previously 
characterized . proteins* ceUsing an ■E^r-col-ia.clQner^^flfe; ;o 
expressed PI or< P6, neither, clone .reacted ;^ith.«ite 43, 
demonstrating that .this -antibody ..does not..*recognize either 
of these proteins. Additionally/,; ,«ince the PI .proteinr. is 
similar in size to the Hin47 adhesin, we demonstrated by 
heat modification that , the Hin4=7 adhesin was ; npt:^ssThe~ 
E . coli which expressed -PI was separated -by SDSrPAGE 1( a€ter 
treatment, at room* temperature, p.r_ a OO.'S. ...tPl. has .pxseyiously 
been shown -to ,be ; vheatumpdifiable-. (Gonzales et-al.). After 
treatment at lOO-'C, the. protein- migrates at about 43 . Jcpa,.: rC 
while after treatment at xoom temperature, P^v.migratescat 
about 32 kDa< . The . Hin47 < protein, was,. shown, ; ,not, to. f be heat... 
modifiable. A -comparison of . the., sequence of c the 2-. 4. ikbase 
Pst 1 to BamHl^fragment of pMC102 conf irmed... that ..hJMZ has 
no homology with the gene that ^encodes PI.?; w i ; , 



6. Purification ofythe:rHin47 : adhesin < ; The. Hin47 
protein was purif ied to homogeneity using £he: monoclpnala^ 
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antibody -Hib r43uas tan linnminoabsorbentr according: to Krivan * 
et al . , rinf > \ and; jlmmun »^ u55 M873-18Z7 c(f3S874ap j/ted:ef ctyvn * 
antibody .was coupled^to (cyanogen activated ^pharose-^Ci ? 
beads (Pharmacia) according^ -to ^th^^nufact^arer'sreT >? Tr..yan 
recommendations 0.4 -ml ^column io»iitad»irfg^^outP-<8 mg r o&r» 
coupled antibody: was *iused .a j ^e/«dm4^Tp»ofcein vra© ? produced 
by XL-l/pMC101 grown 'to stationary phase fin «rr4 fcrculture-T 
in Luria Broth ;—r The cells- ^ere\peliketed^by.i-x:ent3:i£ttgation 
(12,j000 x g, tl&atia^^ 

The sonicate wasrpeMeted by centHEi^ugati^amc^^ 
min) and the supernatant vpelleted'*yv»a^ 
( 1000 , 000 x »*g> '1 *)jv:u;:Th©:acesultant meiabrane pellet was 
resuspended in 0.5% octylglucopyranoside (Sigma Chemical) 
and pelleted by centrifugation (100,000 x g, 1 h) . The 
supernatant was exhaustively dialyzed against 50 mM Tris, 
pH 8.5 and applied to a DEAE-sepharose column (Sigma 
Chemical) . A fraction containing Hin47 was eluted from 
the column using 125 mM NaCl, 50 mM Tris, pH 8.5. This 
fraction was dialyzed against PBS, then applied to the 
antibody column. The column was then washed with PBS, and 
bound protein was eluted with 100 mM glycine, pH 2.8 and 
immediately neutralized. This material was dialyzed 
against PBS and analyzed by separation on SDS-PAGE. The 
gel was stained by silver (Biorad) . The Hin47 protein 
appeared as a single species, indicating purification to 
homogeneity. 

7. Conservation of the Hin47 adhesin with the 
Haemophilus influenza serotype. The conservation within 
the Haemophilus influenza sp cies and genus was analyzed 
using Western blotting of whole cells and Southern blotting 
using DNA isolated from whole cells. Table 5 contains the 



WO94/00149 



PCT/LS98/06016 



- 82 - 



results obtained from this study. Seven non typable IL_ 
influenza strains, three serotype b strains and three 
clinical h. influenza strains that have not been typed all 
reacted with a monoclonal antibody (Hib 43) specific for 
that 47 kDa Hin47. The DNA from all these strains also 
hybridized with a DNA probe of the entire hin47 gene. This 
hybridization was found at high stingency levels (less than 
5% mismatch) which confirmed that strong conservation of 
this gene within the H. influenza genus. A second measure 
of the close relationship between these sequences was 
demonstrated by PCR analysis. Primers that hybrized with 
the immediate 5' and 3' regions were able to amplify a DNA 
fragment from each strain that was identical in size to the 
hin47 gene from strain ATCC 9795, the strain that was used 
to originally clone hin42. The PCR analysis was performed 
using GeneAmp-PCR kit with AmpliTaq® brand Taq-polymerase 
(Perkin-Elmer Cetus) . 

EXAMPLE 5 
Coupling Synthetic PRP t o Protein 

bsina the Oligomers of Compound 14 

A solution of human serum albumin (41 mg, 1.0 
micro-mol) in phosphate buffer (0.1 M, pH 8.0, 1.5 ml) was 
mixed with a solution of Compound 14 (40 micro-mol), then, 
after 1 hr. , sodium cyanoborohydride (26 mg, 410 micro-mol) 
was added. The mixture was gently stirred at 37°C for 4 
days, then ultraf iltrated, diluted with water, and 
ultraf iltrated again-. The retained material was 
lyophilized and purified by gel filtration on Bio-Gel P4 . 
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The appropriate fractions were collected and lyophilized. 
The degree of functional izat ion (as haptens/protein 
molecule) was estimated by a combination of Lowry protein 
determination and orcinol ribose determination* Generally, 
a value of 5-10 haptens/protein molecule was obtained. 

Using Oligomers of Comp ound 16 

A solution of Compound 16 (100. mMro?-mol);Tin ad- 
mixture of aqueous sodium hydroxide (0.5 M/ 6.0 ml) , 
ethanol (4.0 mi) , and acetic acid (180 microliters") was 
stirred while thiophosgene (30 microliters) was added. 
After 10 min., the mixture was partitioned between ethyl 
acetate and water, the aqueous phase was concentrated to 
half the volume and added to a solution of human serum 
albumin (164 mg, 4.0 micro-mol) in borate buffer (0.1M, pH 
9.3, 6 ml). The pH was adjusted to 9.5 and the mixture was 
gently stirred overnight at room temperature/ then 
ultrafiltrated^ diluted with water, and ultraf iltrated 
again. The retained material was lyophilized and purified 
by gel filtration on Bio-Gel P4. The appropriate fractions 
were collected and lyophilized. The degree of 
functionalization (as haptens/protein molecule) was 
estimated by a combination of LeLowry* protein determination 
and orcinol ribose determination^ Generally, a value of 
10-20 haptens/protein molecule was obtained. 

EXAMPLE 6 

Comparison of the deduced amino acid sequence of Hin47 from 
H . influenzae type b strain 9795 a nd five phvloqenetically 
diverse non-tvpable s trains 
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A candidate subunit vaccine for otitis media must 
be highly conserved between the commonly isolated strains 
of non-typable iL. influenzae . To assess the conservation 
of Hin47 in non-typable K± influenzae at the amino acid 
level, the hin47 genes from five phylogenetically diverse 
strains (Musser et al., Infection and Immunity. 52:183-191. 
(1986), incorporated herein by reference) were cloned by 
polymerase chain reaction (PCR) methpds. DNA from each 
strain was used for amplification with a primer 5' and a ^ 
primer 3' to the structural MMZ gene, See Hinf3 and 
Hinf4 on Figures^7X and 1 7B . ~~ ^e^ 'mpllTieatibn was 
performed using an Amplitaq DNA amplification kit (Perkin 
Elmer Cetus, Norwalk, Conn.) by the methods provided by the 
manufacturer. Each amplified gene was cloned into the PCR 
cloning vector PCR II (Invitrogen,^ San Diego, CA) according 
to the manufacturer's methods and subsequently subjected to 
DNA sequence analysis. The sequence analysis was performed 
using the dideoxy double stranded sequencing method of 
Sanger et al., Science . 214:12.05-1210 -(1981) , incorporated 
herein by reference, with the Sequenase ® brand of DNA 
polymerase (U.S. Biocfiemicals) . The deduced Hin47 amino 
acid sequences obtained from each hin47 gene are compared 
in Figure 8. Table 6 summarizes the results from this 
comparison. All non-typable hin47 genes were extremely 
highly conserved. These results strongly suggest that 
immunity against Hin47 expressed by the gene from one 
strain would protect against challenge from all H_2_ 
influenzae strains. 
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EXAMPLE 7 

Animal studies to evaluate Hin47 as a subunit vaccine 

A candidate subunit vaccine mustjbe strongly im- 
munogenic and have the ability /t^jgener ate a protective 
immune response. Several animal experiments were performed 
to assess these properties for Hin47. 

Immunogeriicity studies were performed in Balb/c 
mice to assess the?. IgG response to various doses of 
purified Hin47 protein. Animals received three injections 
of antigen in the presence of aluminum phosphate as an 
adjuvant. Anti-Hin 47 IgG titers were determined by an 
enzyme immunoassay using purified Hin47 as the detecting 
antigen. These results are summarized in Table 7. The- 
minimum challenge dose of 1 ug per injection of protein 
elicited a strong IgG response in mice. These data 
demonstrate the highly immunogenic nature of Hin47. 

The protective activity of anti-Hin47 antibodies in 
an infant rat model of IL_ influenza -mediated bacteremia was 
used as one measure of the ability of Hin47 to act as a 
protective antigen. The methodology was that Moxon et al., 
J. Infectious Diseases, 129:154-162 (1974) and Loeb, 
Infection and Immunity . 55:2612-2618 (1987), both of which 
are incorporated by reference. Rabbit anti-Hin47 antiserum 
was generated by immunizing a rabbit with 3 doses of 100 ug 
of purified Hin47 in the presence of complete Freund's 
adjuvant on day 1 and in the presence of incomplete 
Freund's adjuvant on day 28 and 42. The resultant 
antisera was shown not to possess significant antibody 
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against the previously demonstrated- protective epitopes 
expressed by H-_ influenzae (PI, P2, and P6 proteins and 
polyribitol phosphate) . Groups of five 5-day old infant 
rats were injected subcutaneously- with either rabbit -ant i- 
Hin47 antibody, prebleed serum, or saline. After 24 hours, 
the infant rats were challenged with 200 colony forming 
units (CFU) of the virulent iL. influenzae Minn A strain 
(Munson and Grass, infection and Immunity, 56:2235-2242 
(1988), incorporated herein by reference) by 
intraperitoneal injection. The results from these 
experiments are summarized in Table 8. The results are 
expressed as the average CFU/ 0.1 ml of blood for each 
group of animals, the number of animals with bacteremia in 
each group, and the percentage of .bacteremia compared to 
the saline control. Animals receiving Hin47-specif ic 
antibodies were significantly reduced in /bacteremia , and 3 
of 5 animals had no detectable organisms in ; their blood. 

The second animal disease model used to assess the 
efficacy of Hin47 as a vaccine icandiclate was the, chincilla 
otitus media model. The methodology wa« that Bakaletz- et 
al.. Infection and Immunity , 57; 3226-3229 (1999)% £ 
incorporated herein by reference, Chincilla were immunized 
with three doses (50 ug per dose) of Hin47 protein in the 
presence of complete Freund's adjuvant on day 1, and in the 
presence of incomplete Freund's adjunvant on day 28 and 42. 
Two control animals were injected with saline. On day 47, 
the chincillas were challenged with 2,000 CFU of a non- 
typable H. influenzae strain designated strain 12. Ear 
infection was monitored by otoscopic examination and 
tympanometry on day 1, 2, and 6 post-infection. Fluid was 
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collected through epitympanic bulla by injecting 0.2 ml of 
saline into the middle ear cavity and then aspirating the 
fluid. The fluid was plated on chocolate agar plates and 
incubated at ~37* C--overnight~. — Posit^ve-eonfcTOi^TOt^^ — 
animals were either an animal that had recovered f £om _ar> 
ear infection or animals that were immunized with heafcy 
killed-strain— l^"Whole-~cells^ — The-^resuXts~are -summarized., 
in Table 9. Two of four Hin4 7 -immunized animals were 
negative by typanogram analysis and had significantly 
reduced bacteremia at day 2. These data suggest that Hin47 
has protective value in the active protection chincilla 
model for human otitus media. 
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M nomer for chain initiation 
in solid phase synthesis 



Monomer for chain elongation 
in solid phase synthesis 
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TABLE 2: PREPARATION OF SPACER-CONTAINING MONOMERS FOR 
CHAIN TERMINATION IN THE SOLID PHASE SYNTHESIS 




Mpnpmers, for c^n. te^gunation 
in solid , phase synthesis ' 7 
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Table 6: "'Conversation' of Hin47-'amohg Ha'emop'h'iiu's " 'influenzae 

ii-<; -.'^5. '.'.''I-.. >'*"l. T W.Y u ! jjv'.> ' in, :si,u. -'W. 



itfio SBT-wiA "riv «-.,l*fc ■ A/V tf- . . ASP iTaS. ;\rsr Scr 



i^iju » .1 £ "juli l-.-A s - i-Jjft; • </«» .'•.»•■:• s't'if." v.'.* »:>jv, 

Strain Type Nucleotide Amino acids 

•» , .-•H- Fi e .say Arc- <.uy c : homGtogy' 3 homology 



9795 

1161. 

3690 

1636 

9333 

3639 



v vr*.. "v.A"^ i-S.*'. .-V.iu t> ^Vd» C*j.y *ry . v "v.. 

b . 100 " 100 

/^NT". Aii * -ur . 99.8.1?- rs»v G,r 100 

NT 99.8 100 

c ... NT., i,v. ,-99.7-,v 99.8 

NT 95.0 98.0 

., .NT.,, ^ ,94.6,,, M7l 98.0 



u?u C-i v ^i.r T:;r u *;.: 



Table 7: Anti-Hin47 IgG titers in murine ^sera Setfermlned by 



EIAs, 



Dose of 
Hin47 (ug) 


REACTIVE TITERS 


Prebleed 


Bleed 1 


" ' Bleed 2* 


Bleed 3 


Bleed 4 


0 


<200 


<200 


<200 


<200 


<200 


. 1 


<200 


12,800 


43,520 


696,320 


819,200 


3 


<200 


28,160 


81,920 


696,320 


819,200 


10 


<200 


'20,480 


112,640 


1,187,840 


2,293,760 


15 


<200 


, 74,240 


143,360 


1,187,840 


2,785,280 
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Table 8: Protective activity of anti-Hin47 antibodies in the 
infant rat. model.. ■ • ;: r - 



IMMUNOGEN 


cfu/0.1 ml blood 
(#, of animals wi&bactereinia^otal* of animals),,. 


% OF CONTROL 


Anti-Hin47 Ab 


1,560 (2/5) 


10 


Prebleed " 


... . - 17t 04d(5;5) 4 " 




Saline 


.. 15,440(5/5) 


100 



Table 9: Protective Ability of Hin47 Against Non-Typeable JL. 
influenzae Infection in Chinchillas 



Chinchilla 


Immunogen 


Middle ear infection 


(#) 


Day 2 


Day 6 




Tympanogram 


Bacteria 


Tympanogram 






cfu/0.1 mL 




' 8 


Recovered from Hi 




0 






stain 12 infection 








9 


Hin47 


+ 


lOxlO 3 


+ 


10 






240 


+ 


11 




+ 


6x 10 5 


+ 


12 






0 


+ 


13 


Saline 


+ 


4xl0 5 


+ 


14 




+ 


6x 10 5 




15 


Heat-inactivated 




0 




16 


strain 12 




0 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: MicroCarb Inc. 



(il) TITLE OF INVENTION: Adhesin-Oligosaccharide Conjugate 
Vaccine for Haemophilus Influenzae 

(iii) NUMBER OF SEQUENCES: 2 
(iv) COWUSSPONDE^C^ 

(B) STREET: 1155 Avenue of the Americas 

(C) ::CITY: Jfew York in;tj^er:Kjae r.or^si^) urccp:.:: 

(D) STATE: New York 

(E) COUNTRY: USA 

(F) ZIP: ..10036 v; ni - , r: ::^z^ 

..(V). .COMPUTE READABLE F<^ rap p nv Cteiiv viu; , nov^ouia 
(A) MEDIUM TYPE: Floppy disk 
{ BF COMPUTER : 'IBMrPC:. compatible 

(C) OPERATING SYSTEM: PC- DOS/MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATIPNj::NUMBER: j VSuWW**9?*xn r.uxc 

(B) FILING DATE: 22-JUN-1992 

■(C) CLASSIFICATION: : •■ -r j v'-^irciae \:r^v r ^.i-u;-'/ 

(vii) PRIOR XPPLrdATI<iN ; %AtA: ot:f ' KXi * 

(A) APPLICATION NUMBER: US 07/810,966 

(B) FILING DATE: 20-DEC-1991 

(vii) PRIOR APPLICATION DATA: 

: - ( A) : -AiPPL-rcXTION 'NUMBER : t: US - 07/ 6 3 1 , 698 
(B) FILING DATE: 21-DEC-1990 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Geraldine F. Baldwin 

(B) REGISTRATION NUMBER: 31.232 

(C) REFERENCE/ DOCKET NUMBER: 7969-002 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (212) 790-9090 

(B) TELEFAX : (212) 869-8864/9741 



SUBSTITUTE SHEET 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1611 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY : linear 

(ii) MO LECULE TYPE : DNA * *" ( genomic ) ^ "> v% ^ v ^ & 

(iliJ^HY^^I^V'W - '•■ E - Ai,a A "' S .* r ^ 

•'■-j.v;^- -*'ii.;-^<r ''rcx^ir. i^r r^-acncnx cneroor car^mmr^ 
(IV j~ ANTI-SENSE : NO 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) locations riiaiS, ta303U:i:juuerisae.. aanesxn ^rat.exr;. 



<xi) sequence waawu* saxa *r.er.*.ir 

rrcTAcrccT cci^.c^ ; T^^c^ C5 A^^|; . < 2§ c 12$& "BWS. 

TTTTATTTTT, TTCTCTTACJk GACCACG^.IC^AAATTO, ATTTTGGACT, ATO. ATC .. f| 

1 

AAA AAA ACA CGT TTT GTA TTA AAT ACT ATT CCA CTT GGA OTA AGT GTA 165 
i£ tyi Thr Arg Phe Val Leu Asn Ser lie Ala Leu Gly Leu Ser Val 

TTA XGC -ACA TCASTTT" 'GTT" GCT 'CAA' -GCC f ACT 'CTG^CCA AGT" TTT-i CTT TCG " .'. 213 
£i £ JS Ser, Phe Val Ala Gin Ala_ Thr Leu Pro Ser Phe Val Ser 
20 25 30 

GAA CAA AAC AGT CTT GCA CCG ATG TTA GAA AAA GTA CAA CCT GCC GTT 261 
Si Si iin Ser LeG Al*,Prp Met Leu-Glu Lys ,Val,Cln ; Pro, Ala ..Val f ^, y; 
35 40 45 

GTC ACT CTT TCC GTT GAA GGA AAA CCT AAA GTA GAT TCT CGT TCT CCT 309 
Val Thr Leu Ser Val Glu Gly Lys Ala Lys Val Asp Ser Arg Ser Pro 
50 55 «0 65 

_„ r , r cvr XTT CCT GAA GAA TTT AAA TTC TTC TTT GGC GAT CGT 357 

™ 2i Sip i" So Si Giu - Phe Lytf^Phe PKe Phfe Gly Asp Arg v, .,: 

■ ' 7 .9:> ;V v^iH^l^Ai: ""'T'n OVj.a - : 5- C CM" .i.-K- 
TTT GCC GAA CAA TTT GCT GGA CCT GGA GAG TCA AAG CCT AAC TTC CCT 405 
Phe Ala Glu Gin Phe Gly Gly Arg Gly Glu Ser Lys Arg Asn Phe Arg 
qc 90 95 



60 
117 
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GGT TTA GGT TCT GGT GTC ATT ATT AAT GCA AGC AAA GGC TAT GTT TTA 453 
Gly Leu Gly Ser Gly V&l II He Asn Ala Ser Lys Gly Tyr Val Leu 
100 105 110 

ACC AAT AAT CAT GTT ATT GAT GGA CCT GAT AAA ATT ACC GTG CAA TTA 501 
Thr Asn Asn His Val He Asp Gly Ala Asp Lys He Thr Val Gin Leu 
115 120 125 

CAA GAT GGG CGT GAA TTT AAA CCA AAA TTA GTG GGT AAA GAT GAA CAA 549 
Gin Asp Gly Arg Glu Phe Lys Ala jLya Leu Val Gly -Lys ^ Asp Glu Gin - - c - 
130 135 140 145 

TCA GAT ATT GCA TTA GTA CAG CTT GAA AAA CCA AGT AAT TTA ACA GAA 597 
Ser Asp He Ala Leu Val Gin Leu Glu Lys Pro Ser Asn Leu Thr Glu 

150^ s , JAU , 0 l^ OT , u.,;.uv -~^c~ 

ATC AAA TTT GCT GAT TCC GAC AAA TTA CGC t GT*t £GC GAT^TTC ACT CTT. 645 
He Lys Phe Ala Asp Set Asp tys £eu Arg* Val Gly Asp Phe Thr Val 

■■.,;,urv.l65 riA'.r.'*:F.*\ ? a^J 3..:170 . a;3M.i0^fl75 uf:tf -,5i :■„:-* f o - 

GCA ATC GGT- AAT CCA TTT -CGT TTA- GGT CAA ACT; GTG ACA TCA GGT ^ATT * * 693 
Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly He 

180.. r :.-'^850^ or >:'.2.2:*o :<a,l$0'^ ; u 

GTT TCT GCA TTG GGT *CGT * TCA 1 ACA r GGT TCT GAfc A(?T GGC AdT^TAT GAA 741 
Val Ser Ala Leu Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr Glu 
195 200 205 

AAC TAT ATT CAA ACC GAT GCA GCX GTA 'AAC ' CGC GtiT AAT TCG GGT GGT" U, >89 
Asn Tyr He Gin Thr Asp ( Ala Ala ~Val Asn Arg Gly Asn §er Gly Gly 
210 215" 220 225 

GCA TTA GTC AAT CTA AAT GGC GAA CTT ATT GGA ATT AAT ACC GCA ATT 837 
Ala Leu Val Asn Leu Asn Gly Glu Leu Ile^Gly lie Asn Thr:Ala : lie 
230 235 240 

ATT TCT CCA AGC GGT GGC AAT GCA GGA ATT GCC TTT GCG ATT. CCA AGT^ _ , i6 ~M5 
He Ser Pro Ser Gly Gly ?t A¥ri Ala Gly 1 lie Ala Phe Ala lie Pro Ser"- " ■" 
, 245 _ ? ,,250 255 <;; .. 

AAT CAA GCG AGC AAT TTA GTG CAA. CAA ATT TTA . GAA TTT^GGT. CAArCTG- , i: - 933 
Asn Gin Ala Ser Asn Leu Val Gin Gin lie LeuGlu Phe Gly Gin Val 

260 . j , 265 5 ^.}t:.j.T."!ir.\-*rr27<kurr;-* • :i i:^- - s ; 

CGT CGC GGA TTG CTT GGT ATT AAA GGC GCC GAA CTC AAT GCT /CAT TTA ! l - ' 981 
Arg Arg Gly Leu Leu Gly He Lys Gly Gly Glu Leu Asn Ala Asp Leu 

275 -280 -;vT-ra<285* T ' " f ■ " " : ,; - ' " ' 

GCC AAA -GCC TTT AAT GTA AGC GCG CAA CAA GGT -GCA TTT GTA AGT GAA : 1029 
Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser Glu 
290 1 -295 - u '300 5 305 
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CTT GTA CCC AAA TCT GCT OCT CAA AAA CCA CGA CTT AAA CCG GGC GAT 1077 
Val Val Pro Lys Ser Ala Ala Clu Lys Ala Gly Leu Lys Ala Gly Asp 
310 315 320 

ATT ATC ACG GCC ATG AAC GGT CAA AAA ATC TCA ACT TTC GCT GAA ATT 1125 
lie lie Thr Ala Met Asn Gly Gin Lys He Ser Ser Phe Ala Glu He 
325 330 . 335 

CGT GCA AAA ATC GCA ACC ACT GGT GCA GGC AAA GAG ATT AGC TTC ACT 1173 
Arg Ala Lys He Ala Thr Thr Cly Ala Gly Lys Glu He Ser Leu Thr 

340 "w-MS^jce -J-. o±aj-M i^°^ ! i^jrs.xi!. --!... o. 

TAC TTA CGT'GATJGGC *AA,TCC CACiGAC GTTaAAA ..*TGcAAAi,TTA CAA.^CG !l221 
Tyr Leu Arg Asp Gly Lys Ser His Asp Val Lys Met Lys Leu Gin Ala 
"355 360 365 

GAT GAT GGT AGC CAA CTT TCC TCA AAA ACT GAG TTG CCT CCA TTA GAT 1269 
Asp asp Gly ser Gin Ly.,^ Clu Lau fto, A^L« A.| 

GGC GCA ACA TTG'AAA C 'GAC TAC CAT ^C^*AA%CC 'W'AAA TCA ATT GAA 1317 
Gly .Ala ; .Thr Leu Lys r Asp,Tyr Asp Ala Lys Gly Val Lys Gly He Glu 

* T 39 q - 395 400 

ATC ACA AAA ATT CAA CCT AAT TCG CTC GCT GCA CAA CGT GGT TTA AAA 1365 
lie Thr Lys-Ile Gin Pro.Asn Ser ^lieuv' Ala,- Ail a t <»ln; Arg. Gly -Leu l*s^ 
"405 410 415 



TCG GGC GAT ATT ATT ATT GCT ATT AAT CGT CAA ATC ATC GAA AAC ATT 1413 
J£ Sy Sp'lE il^Cly tie Asn Arg Gin Met Ile^Glu Asn lie 

CGT GAA TTA AAT AAA GTG CTT GAA. ACT CAA CCG TCA CCA CTT GCA CTT 1461 
Irl Glu Leu Asn Lys Vai Leu Glu Thr 1 Glu Pro Ser Ala Val Ala Leu 

435-,: , .,,/>ouV ^°^,au ,j*tL&*j.v :-^ 5 c:^:':" >, -i ^--vnror 

AAT ATT TTA CGA GCT GAC* AGT .-AAT. TTC TAT TTA TTA CTC - t CAA t y x .i-.r^c. v.l. 503 
Asn He Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 
450 ',455icJ( ■ 46Q 

TAATCTGCTT GATATATTTA AGAAAAAACT CCGATCACAA TGATCGGCTT CTTTTTATGC 1563 
AGCAATCGTT CTTAACAAAT CCACCACAAA TTCTAACCGC ACTTTGTT 1611 



(2) INFORMATION, ,F0R M SEQ ID HQs 2^^,, ;<1 . u} 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 463 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECUIS TYPE: protein 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 2 

Met Lys Lys Thr Arg Phe Val Leu' Asn Ser lie Ala Leu Gly Leu Ser 
1 5 10 15 

Val Leu Ser Thr Ser Phe Val Ala Gin Ala Thr Leu Pro Ser Phe Val 
20 25 30 

Ser Glu Gin Asn Ser Leu Ala Pro Met Leu Glu Lys Val Gin Pro Ala 
35 40 45 

Val Val Thr Leu Ser Val Glu Cly Lys Ala Lys Val Asp Ser Arg Ser 

Pro Phe Leu Asp Asp -Ilfe^'^lu-Ciu 0 ^ L?s ^e' v fhfe 5 Phe^ ci^As^-'^* 

Arg Phe Ala Glu Gin Phe Gly Gly Arg Gly Glu Ser Lys Arg Asn Phe 
85 90 95 

Arg Gly Leu Gly Ser Gly Val lie lie Asn Ala Ser Lys Gly Tyr Val 

100 • 105.-. K-eCu.£?TiC:r v C- J.liO;. - 

Leu Thr Asn Asn His Val lie- Asp* Cly Alar 'Asp Lys I le-Thtf >Val= Gin 
115 120 125 

Leu Gin Asp Gly Arg Glu Phe Lys Ala Lys Leu Val Gly Lys Asp Glu : . 

130 ---135^*^^ ^' 140 '■ 

Cln Ser Asp lie Ala : feu 'Val Gin Leu Glu Lys Pro Ser Asn Leu Thr 
145 150 155 160 

Glu He Lys Phe Ala Asp Ser Asp LysoLeur Arg JVal Qlyr Asp Phe Thr > . i 
165 170 175 

,. M x ..^o:tJU:.^j-r r-iii:^;^X: vJ'^'Ci^.M * .~ ■ 
Val Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly 
180? ^s~i85'-' : -^ ■/^v-.-'-o:.- .:-i'9"<j?r>j . ■ • 

He Val Ser Ala Leu-Gly'Arg Ser thr Gly Ser 'Asp Ser Giy Thr Tyr' 1 
195 200 205^ . ... , 

Glu Asn Tyr He* Gin. Thr Asp. Ala. Ala Val, Asn Arg Gly :! Asn t £er Gly 
210 ' " : ' * 215"' ' 220 

Gly Ala Leu Val Asn Leu Asn Gly Clu Leu He Gly He Asn Thr Ala 
225 230 235 240 

He He Ser Pro SenGly Gly Asn Ala Cly He Ala Phe :Ala lie Pro o.n£.r:« 
245 250 255 

Ser Asn Gin Ala Ser Asn Leu Val Cln Cln He Leu Glu Phe Cly Cln 
260 265 270 
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Val Arg Arg Gly Leu Leu Cly lie Lys Gly Gly Glu Leu Asn Ala Asp 

275 280 2 " 

Leu Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser 

290 295 
Glu Val Val Pro Lys Ser Ala Ala Glu Lys Ala Cly Leu Lys Ala Gly 
305 "° . 

Asp lie lie Thr Ala Met Asn ^ln"W^iie Ser Ser Phe Ala Glu 



325 



lie Arg Ala Lys lie Ala Thr Thr WjfWWIji lie Ser 



Leu 



340 



345 



Thr Tyr Leu Arg Asp Gly Lys .Ser His. Asp Val Lys Met Vys^jGln 

355 360 3 * 

Ala Asp Asp Gly Ser Gin Leu Ser ver L^s' T hr Glu Leu Pro Ala Leu 

370 375 
Asp Gly Ala Thr Leu Lys Asp. Tyr Asp Ala, Ly.| ;; Gly r Val .Lys Gly lie, 
385 390 

Glu lie Thr Lys lie Gin Pro Asn Ser Leu Ala Ala Gin Arg Gly Leu 
405 410 



Lys 



Ser Cly Asp He lie He Cly lie Asn Arg Gin Met lie Glu Asn 



420 



425 



He Arg Glu Leu Asn Lys Val Leu Glu Thr Glu Pro Ser Ala Val Ala 



435 ««© 

Leu Asn lie Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 



450 



455 



:7 
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WE CLAIM : 



1. An immunogenic oligosaccharide-protein 
conjugate comprising a polyribosylribotpl. phosphate (PRP) 
fragment coupled to an H» influenzae adhesin protein. 

2 . The conjugate. _pf claim 1 wherein said protein 
is an H. influenzae outer membrane protein with a molecular 
weight of about 47,000 daltons. 



3. The conjugate of claim 1 wherein said 
oligosaccharide is bound to a polypeptide that contains an 
active site of sa^d adh^sin^ prot^in^? vrr,-.^-^ r 

4 • An immunogenic oligosc\cchjri{i|e-'protein 
conjugate represented by the formula: 




m 



WO 94/00149 



PeT/US93/06016> 



- 102 - 



where in is 1-30, n is 2-30, R is (CH 2 ) p CH 2 NH or 
(CH 2 CH20)pCH2CH 2 NHCSNH where p is 1-3, and X is an IL 
influenzae adhesin protein or fragment thereof containing 
an active site of said protein. 

5. A purified H. influenzae adhesin protein. 

6. The protein of claim 5 wherein said protein 
binds to a receptor for said protein selected from the 
group consisting of fucosylasialo-GMl, asialo-GMl, and 
asialo-GM2. 

7. The protein of claim 6 wherein said protein is 
an H. influenzae outer membrane protein with a molecular 
weight of about 47,000 daltons. 



8. The protein of claim 7 wherein said protein 
comprises the amino acids designated 26 to 463 in Figures 
7A and 7B. 

9. A purified polypeptide that is a fragment of 
the protein of claim 5, said fragment containing an active 
site. 

10. A method for producing a purified IL_ 
influenzae adhesin protein comprising the steps of: 

solubilizing the membranes of H. influenzae 
bacteria, thereby producing solubilized material containing 
said adhesin protein and insoluble material; 
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separating said solubiTized material' from said 
insoluble material; 

contacting said solubilized material with a recep- 
tor for said adhesin protein 

consisting o£ leftco^ and asialo- 

GM2, wherein said receptor is attached to an insoluble 
solid support, for a period of time sufficient for said 
adhesin protein to bind to said receptor; and 

removing said protein from said receptor, thereby 
recovering said adhesin protein in purified form. 

11. A method for producing a purified IL_ 
influenzae adhesin protein comprising the steps of: 

extracting H. influenzae bacteria membranes 
with a solution that removes membrane associated proteins 
to produce art extract containing said adhesin protein; 

' separating 'the supernatant containing said" 
adhesin protein 'from'' the solid materialman said extract;- - r 

coftt&ttting said supernatant with, a monoclonal 
antibody to said adhesin protein, wherein said antibody is 
bound to an insoluble solid support/ for a period of time 
sufficient for said Adhesin protein to bind to said 
monoclonal antibody; and 

removing said adhesin protein *from' said 0 
antibody, thereby recovering said adhesin protein in 
purified form. 

12. An isolated or siffistaritikily purified DNA 
sequence encoding an H ■ influenzae adhesin protein. 



WO 94/00149 



PCT/US93/06016 



- 104 - 



13. The DNA sequence of claim 12 wherein said 
sequence comprises the nucleotides deS"igndted^ r: 115-1503 in 

Figures 7A ^and 7BV- ' ' ^ '•' < **r,.^\»l ;:vuroxv-OJ.;^ 

14. A method for prti&fc^^^ sz - : 
e^ionno, on^nri 4 rig ;3mv -H .a ^inf lruerizate - adhesin pr<*teiir - T - ^ c 
comprising -iai# Y «te|2rs >o^^ - ^-c5to^c^.u^c;o.^v.- ™^uu~ 

; ^ screening a genomic library containing the DNA 
of H. influenzae , said library comprising clones which 
contain different sequences of- sa : id DNA' Which be£h- opeiraibly 
and recoverable inserted into ^a > vector^ ea^ 
vectors containing only- one sequence of said DNA / by — r L 
contacting the clones comprising said library with -a< ^ ' 
monoclonal antibody to said adhesin protein or a receptor 
for said adhesin protein to identify a clone that binds to 
said antibodies or said receptor r-ahd: * i ^ ; - a L 
- -isolating «aid" J elofne'*^- r:; " '' Lv *- x ' v " * r 

15. The method of claim 14 further comprising the 
step of recovering the exogenous DNA sequence from said 
clone. — ' • * * ^ 

16. An isolated or substantially purified DNA 
sequence encoding the purified polypeptide of claim 9. 

17 v i An isolated or substantially purified DNA 
sequence derived from the DNA sequence of claim 12 by 
single or multiple mutations, wherein said DNA sequence 
encodes a protein or polypeptide that is immunologically 
cross-reactive with the protein of claim 5. 



WO 94/00149 



PCT/US93/06016 



- 105 - 

18.-. A DNA ^sequence uithat^hybridiTOSu-witli %the.-,DNA 
sequence of claim ^17 under conditions of: high -stringency, 
wherein said DNA sequence encodes a protein or polypeptide 
that is immunologically cross-reactive with the protein of 

Claim 5. ■ -::r rrTUc;..-.:oa 'M^:\r\^ mv^vs* 

19 A ^^ecdmb inant "DNA sequence roomprd sing the DNA. a 
sequence of claim 12 operably linked to appropriate 
regulatory control nucleic acid sequences that are capable 
of effecting the expression of said DNA sequence in a 
transformed host cell. 

20. An expression vector for expressing DNA that 
encodes an H. influenzae adhesin protein in a compatible 
host cell comprising an expression vector capable of 
transforming a procaryotic or eucaryotic cell wherein the 
DNA of claim 19 has been inserted into said vector in 
proper orientation and correct reading frame for 
expression. 

21. A host cell transformed with the recombinant 
DNA sequence of claim 19. 

22. The recombinant protein produced by the 
transformed cell of claim .21. 

23. A method for producing an H. influenzae 
adhesin protein comprising the steps of: 

culturing host cells transformed by a 
recombinant DNA sequence comprising a DNA sequence that 
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codes for an H ■ influenzae adhesin protein operably linked 
to appropriate regulatory control nucleic acid sequences 
that are capable of effecting the expression of said DNA 
sequence in said transformed cells; and 

recovering the protein whose expression has 
been coded for by said sequence. 

24. A synthetic PRP oligosaccharide represented by 
the formula: 



H 




where n is an integer from 2 to 30 and R 1 is (CH 2 ) p CHO or 
(CH2CH 2 0)pCH 2 CH2NH2 where p is an integer from 1-3. 
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25. A compound represented by the formula: 




where n is an integer from 2 to 30, Bn is benzyl, and R 2 i 
(CH 2 )pCH(OR3) 2 or (CH2CH20)pCH 2 CH2R 4 where p is 1-3 > -R 3 is 
an alkyl group 1-4 carbons in length, and R 4 is a group 
that can be converted into an amino group. 

26. A method for preparing the compound of "claim 
25 comprising the steps of: 



(a) coupling to a solid phase a compound 
represented by the formula: 



WO 94/00149 



PCI7US93/06016 




wherein Bn is benzyl and MMTr is monomethoxytrityl; 

(b) detritylating said compound; 

(c) coupling said detritylated compound with: a 
compound represented by the formula: 




wherein Bn is benzyl and MMTr is monomethoxytrityl; 



i 
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(d) detritylating the compound resulting from step 

(c); 

(e) repeating steps (c) and (d) n-2 times; 

(f) coupling the compound resulting from step (e) 
with a compound represented by the formula: 




wherein Bn is benzyl and R 2 is (CH2)pCH(OR 3 ) 2 or 
(CH2CH 2 0)pCH 2 CH2R 4 where p is 1-3, R 3 is an alkyl group 1-4 
carbons in length, and R 4 is a group that can be converted 
into an amino group; 

(g) oxidizing the phosphonate groups of the 
resulting compound to form phosphate groups; and 

(h) removing the resulting compound from said 
solid support. 

27. A method for preparing the synthetic PRP 
oligosaccharide of claim 24 comprising the steps of: 
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hydrogenating the compound of claim 25; and 

where R 2 is (CH 2 ) p CH(OR 3 ) 2 , subjecting the- 
hydrogenated compound to selective acid hydrolysis. 

28. A vaccine for protecting a mammal against IL_ 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 1 in a pharmaceutically accept- 
able carrier. 

29. A vaccine for protecting a mammal against JL_ 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 4 in a pharmaceutically accept- 
able carrier wherein n and p are the same for all of said 
conjugates. 

30. A vaccine for protecting a mammal against JL. 
influenzae comprising an immunologically effective amount 
of the protein of claim 5 in a pharmaceutically acceptable 
carrier . 

31. An immunogenic polypeptide comprising a fusion 
protein containing an h. influenzae adhesin protein. 

32. A vaccine comprising an immunologically 
effective amount of the recombinant protein of claim 22 in 
a pharmaceutically acceptable carrier. 
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33. A method of inducing an immune response to H. 
influenzae in a mammal comprising administering an im- 
munologically effective amount of the conjugate of claim 1 
to said mammal. 

34. A method of inducing an immune response to {L - 
influenzae in a mammal comprising administering an im- 
munologically effective amount of the protein of claim 5 to 
said mammal . 
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FIG. 1 
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FIG. 4 
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■ oligonucleotide prijmr .Hinf3 
10 20 30 . « SO | ' «0 70 



80 90 • 100 , no 120 130 no iso 

TRANSLATION CF HIN 47 > 
<slgnal sequence of 47fcba~pr6teln ' " 
160 170 180 190.- 200 210. 220 

GAACCTMTTCACATAATTCCTtHACTAAACXACGACTTC^TCAAflC^ l it p y s £ Q N s> 
LGLSVLS T ^jmjjsmncjj of HIN 47- > 
230 24 0 250 -260 , 2?0 ,.280. . 290. 300 

LAPMLaKV jp^jjgV^jjQjj HIM 47 > 

310 320 330 340 . 350 360 370 

CGTTCTCCITTCCT;^ 

GCAAGAGGAAAGGATCTSCTATAAGGACTTCTTAAAITIAAGAAGAAA^ Q F G> 

**.* rLD0X TRANSLATION OF HIM 47 > 

380 390 400 410 420 430 440 450 

GRGESKRN TRA}JSIATICN qf H IN 47 * 




"TRANSLATION OF HIN 41 * 
530 540 550 560 570 580 590 600 

AAAT^CGIAAAGATCAACAATCACA^ 
TTTAATCACCCATTTCTACTTGTTAGTCTATAACGTA^ 

K L TRANSLATION OF HIN 47 > 



610 €20 630 



640 650 660 670 



K F A TRANSLATION OF HIN 47 >. 

680 690 700 710 720 730 740 750 

ACTGTGACATCAGGTATTGTrTCTGCATrGGGTCGTTCAACAGGTTCTGA 

■tvts.ci-vsalcrstcsdscttehx^ 



TRANSLATION OF HIN 47 



..«**• * 

caaaccgatgcagcagtaaaccgcggtaattcgggtggtgcattagtc^ 

gtttggctacgtcgtcatttggcgccattaagcccaccacct . 
Q T daavnrgnsggalvnlnceligi> 



v 
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830 840 850 860 070 880 890 900 

* « * * - ♦ * '* * 

MTACCGCAATTATTTCTCCAAGCGGTGGCAATGCAGGAAritjCC I I7GCGATTCCA.ACTAATCAAGCAAGCAAT 
TTATXXJCGTTAATAAAGAGGTICtXCACCGTTACGTCCTTMCGGAAACGCTAA^ 

N T A I I S PSGGNAG l AF AI?SNQASN> 

TRANSLATION OF HIN 47 > 

910 920 930 940 950 960 970 

******* 
TTAGTGCMCAMTTTTAGMTTTGGTCAAGTGCGTCGCGGATIGCTTGGT 
/ATCACGTTGTTTAAAATCTTAAACCAGTTCACGCAGCGCCra 
LVQQI LEFGQVRRG LLGIKGCELNA> 

TRANSLATION OF HIN 47 / > 

980 990 1000 1010 1020 1030 1040 1050 

GATTTAGCCAAAGCCTTTAAT6TAAGCGCGCAACMGGTCCATTTC 
CTAAATCGGTTICGGAAATTACATrCGCGCGTTGTTCCACGTAAACATTCACTTCAAAA 
D LAKAFNVSAQQGAFVSEVLPKSA A> 

TRANSLATION OF HIN 47 > 



1060 



1070 1080 1090 1100 1110 1120 



GAAAMGCAGGACTTMAGCGGGCGATATTATCACGGCGATGMCGGTCM 
CTriTTCGTCCTGMTTTCGCCCGCTATMTAGTGCCGCTACTIXXrCAGTTTTTTAGAG 
E KAGIKAGDIITAMNGQKISSFAE I> 

>m»uer lTTnw nr UTM Al > 



* * * 



TRANSLATION OF HIN 47 

1130 1140 1150 1160 1170 1180 1190 1200 

* **•* »*• 

CGTGCAAAAATCGCAACCACTGGTGCAGGCAAAGAGATTAGCTTCACTT 
GCACGTTTTTAGCCrrTGGTGACCACGTXXGTTTCTCTM 
R A K I A T T C A GKEIS LTYLRDGKSHD> 

TRANSLATION OF HIN 47 > 

1210 1220 1230 1240 1250 1260 1270 

* * * * * * * 

GTTAAAATCAAATTACAAGCGGATGATGGTAGCCAACTTTCCTCAAAAACTG 
CAATTTTACTTTAATXnTCGCCTACTACCAICGGTTGAAAGGAGTTTTTGACTCAACGGAC 
VKMKLQADOGSQLSS KTEL P A L D G A> 

TRANSLATION OF HIN 47 > 

1280 1290 1300 1310 1320 1330 1340 1350 

******** 

ACATTCAAAGACTACCATCCTAAAGGCCTTAAAGGM 
TGTAACTTTCTGATGCTACGATTTCCGCMTTTCCTIAACTTTA 
TLKDYDAKGVKGIEI TKIQPNSLAA> 

TRANSLATION OF HIN 47 > 

1360 1370 1380 1390 1400 1410 1420 

* * * * * * * 

CAACGTXSGTrT AAAA TCGGGCGATATTATTATTGGTATTMTCCTCAAATCATCGAAAACATTCGTC 
GTTGCACCAMTTrTAGCCCGCTATAATAATAACCATAATTAGCAGTTrACTAG ClTlTG TAAGCACTTMTTTA 
QRG LKSGDIIIGINRQMI£NIRELN> 

TRANSLATION OF HIN 47 > 

1430 1440 1450 1460 1470 1480 1490 1500 

******** 

AAAGTCCTTGAAACTGMCCGTCAGCAGTTCCACTT^ 
TTTCACGAACTTTGACTTGGCAGICGTCAACCTGMTTATAAAATGCTCCACTC 
KVLETEPSAVALNI LRGDSNFYLLV> 

TRANSLATION OF HIN 47 > 

1510 1520 1530 1540 1550 1560 1570 

* * * * * * * 

CAATMTCTGCTTGATATATTTAAGAAAAAAGTCCGATCAC AATGATCGG L ' HIT! ' 1 l ' l ATGC AGCAATC G I ' IV. T 
GTTATTAGACG AACTATATAAAT IC I' ll'XTlt AGGCTAGTGTTACT AGCCG AAGAAAAATACGTCGTTAGC AAG A 
Q> 

> 

oligonucleotide primer Hlnf4 
I 

1580 1590 1600 I 1610 

* • • j * 

TAACAAATCCACCACAAATTCTAACCCCA lTnLrj 
ATTGTTTAGCTGGTtnTIAAGATTCGCGTCAAACAA 
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